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Abstract /ii 
• / ABSTRACT 
Stroke is a major disabling disease, leading to a high 
incidence of morbidity and mortality. Of all cases of stroke, 
75% are clinically manifested as cerebral infarction or 
ischemic stroke, which is defined as a localized destructive 
lesion attributable to the occlusion of an arterial vessel, 
leading to the arrest of cerebral blood flow. On account 
of its high occurrence, much attention has been drawn to focal 
ischemic stroke, where the neurologic deficit is chiefly the 
result of a single artery occlusion. Although etiological 
factors of ischemic stroke are diversified, efforts have been 
made to explore the various causes of stroke. 
Many pathophysiological parameters have also been 
established to be associated with brain ischemia. These 
include biochemical and metabolic alterations, histochemical 
features, changes in vascular activity and variations in 
electrical activity. 
Owing to the fact that many of the investigation 
techniques in use are rigorous, requiring invasive surgical 
procedures, other safer and quicker measures to evaluate the 
extent of ischemic infarction had been suggested. Experimental 
Abstract /Hi 
model^ have been used to induce ischemic stroke in various 
kinds of animals, but so far none can be considered ideal due 
the fact that no single animal model is a full replica of the 
human model. In the present study, the gerbil .model was 
investigated to verify its role in the experimental induction 
of unilateral cerebral ischemia. 
The biochemistry inside the brain undergoes a cascade of 
events right after the onset of stroke. The release of 
一jDiochemical substances that can reflect the extent of cerebral 
damage brought about by ischemia has led to the mandatory 
search for potential biochemical markers to act as a 
prognostic or therapeutic guide. Among the substances 
released, distinct nervous tissue related proteins have 
attracted great attention. Various research groups had 
already reported discovery of such cell-damage-related 
protein. In the present study, attempts were being made to 
isolate and characterize a post ischemic protein using the 
^gerbil model. It is hope that the isolation and 
characterization of such a protein by electrophoretic and 
immunochemical means can help to throw light on the estimation 
of cellular brain damage as well as in the monitoring the 
progress of recovery from such a disease. 
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Chapter One /I 
� I N T R O D U C T I O N 
1•1 Stroke As A Major Disabling Disease 
Strokes are the third-commonest cause of death in 
the Western world, after heart disease and cancer. The 
disease may occur at any age though the risk factor 
varies from person to person. Apart from being a major 
cause of death, the aftermath on surviving could be 
一， detrimental. The victim suffers disability and 
exhaustive strain mentally and physically; the 
victim's relatives and friends will also be more or 
less affected and disturbed to a certain extent. ‘ In 
one.way or the other, afflicted patients often found 
i 
their personal and social life impeded and disrupted, 
i 
where they are left alone in desolation and ostracism. I ‘ 
Rehabilitation of patients to help them lead a normal 
I 
life is thus an urgent issue. As life expectancy is 
increasing in all countries, the prevention of stroke 
is clearly of interest on a personal as well as a 
national level. 
Stroke lacks scientific precision because it 
covers a wide variety of different conditions and 
often means different things to different people• As 
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^he pattern of disability following a stroke is 
extremely variable. The layman‘s approach to stroke 
is usually based on what its name implies 一 a severe 
and life-threatening attack which occurred * out of the 
blue * and inevitably results in paralysis of half of 
the body. Modern scientific advancement has provided 
more accurate methods for the diagnosis and treatment 
of stroke, which helps to abolish the general 
nihilistic views regarding this disease. So far, 
一， .broad information about stroke, including the 
patterns, etiology, mechanisms, manifestations, 
\ -I 
diagnosis, therapy and prevention, has been worked out 
and is constantly undergoing review. 
Medically speaking, stroke is a broad term 
covering all types of cerebral disease caused by 
occlusion or stenosis of blood vessels. Such can be 
thrombosis and embolism or hemorrhage of brain (Mohr 
. J.P., Barnett H.J.M.， 1986). Classification of 
stroke can be based on: 1) pathophysiologic 
mechanisms； 2) pathology; 3) clinical course and 
neurological manifestations； 4) anatomical 
localization or name of vessel involved； 5) 
associated disease liable to render an individual 
prone to cerebrovascular disease (Sahs A.C., Hartman 
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� . C , and Aronson S.M., 1979). 
Since stroke is a multiple process leading to a 
cascade of events, altering the physiological as well 
as the biochemical states of the brain and the central 
nervous system, the various aspects of stroke is a 
subject upon which surprising and encouraging 
discoveries are continuing to be made. 
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1.2 Qlassification of Stroke 
By definition, stroke is a disturbance in the 
normal blood circulation in the brain. Hence the 
medical term for stroke is ‘cerebrovascular accident‘ 
(Rose F.C. , Capildeo R., 1981). When the disturbance 
of the blood circulation is only temporary, and 
clinical recovery can be made within 24 hours after 
the onset, the phenomenon is called transient ischemic 
-attack (TIA) (Heyman A. , et ai., 1974). 
Strokes are divided into two main types: cerebral 
infarction and cerebral hemorrhage. (Fig. 1.1) A 
large proportion of stroke is attributed to cerebral 
infarction. Mohr and Barnett cited a figure of 63% 
from cases documented by the New York Neurological 
Institute in the year 1983-84 (Mohr J.P. , Barnett 
H,J.M. , 1986 ) while J.H. Adams also reported a figure 
4 of 75 percent in 1989 (Adams J.H., 1989). 
Cerebral infarction can be medically defined as 
the disturbance of the cerebral blood flow to the 
affected part of the brain. Sometimes it is an arrest 
of flow (ischemia); at other times, it can be critical 
reduction of flow (oligemia). Infarction would be 
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“ Fig. 1.1 Classification of Stroke 
(Modified from Mohr I.P., Barnett H.J.M., 1986) 
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�initiated once the perfusion pressure to any part of 
the brain is below 15-20 mmHg (Adams J.H.,1989). A 
combination of arterial stenosis and an episode of 
hypotension are very often the systemic factors, 
Definition on the basis of etiology includes two 
types of diseases under the category of cerebral 
infarction: cerebral embolus and cerebral thrombosis. 
The former refers to a sudden block caused by a clot 
-9 in the blood vessel. Atrial fibrillation is an 
important source of cerebral emboli where the 
fragments originate in the atrium. Atherosclerotic 
plaques within the internal carotid or hardening of 
the vertebral arteries in the neck (arteriosclerosis) 
have also been recognized as a major source of emboli 
(Sahs A.L., Hartman E.G., Aronson S.M., 1979). The 
main cause of cerebral thrombosis is clotting within 
the cerebral vessels, but the stroke caused by this 
“ mechanism has a less sudden onset and the clot is 
formed at the area of the occluded vessel. 
Cerebral hemorrhage is due to hypertension, 
rupture of blood vessel or an aneurysm caused by 
localized widening of the blood vessel (Faris A.A., 
Hardin C.A.,Posner C.M., 1963). The direct result is 
'3 
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breeding within the brain parenchyma or subarachnoid 
space, resulting in red softening of the brain 
tissues. 
Recovery from cerebral ischemia depends upon the 
nature and degree of the insult and the location as 
well as the extent of the destruction. For instance, 
for intracranial and brainstem hemorrhage, the outcome 
is almost always fatal. On the other hand, frontal 
一 - lobe and occipital lobe hemorrhage usually results in 
milder damage. For cerebral infarction, recovery often 
depends on the dissolution of the obstructing thrombus 
or embolus, or the collateral circulation from 
neighboring vascular territories. In most animals, 
including primates, felines, canines and rodents, the 
circle of Willis which forms a network of arteries at 
the base of the brain allows the communication of the 
posterior cerebrovasculature. Other pial anastomoses 
4 also exist between the anterior, middle and posterior 
arterial system ( Toole J.F., 1984) 
To comprehend the physiological effect of 
cerebral infarction has on patients, the blood supply 
to the brain and the function of different parts of 
the brain must first be understood. 
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y The term ‘apoplexy* was first coined by Johann 
Jakob Wepfer in 1658 for the description of stroke 
which arose when "an influx of blood is prevented 
through the carotid or the vertebral arteries" (Rose 
F.C. , Capildeo R., 1981). The left and right carotid 
arteries are the two main arteries supplying blood 
from the heart to their respective cerebral 
hemispheres； approximately 20% of the blood leaving 
the heart goes to the brain. The name ‘ carotid ‘ (Greek 
karas 二 drowsy) was given by Herophilus 一 an ancient 
Greek, showing that the effect of pressure on carotid 
artery was already known a long time ago (Garcia J .H., 
1984), 
The carotid artery and the posterior cerebral 
arteries supply blood to the frontal and parietal 
lobe, the basal ganglia, the hypothalamus and the 
temporal lobes of the cerebrum. The vertebral-
“ basilar system is responsible for the nourishment of 
part of the temporal lobe, the entire occipital lobe, 
the thalamus, pons, medulla oblongata, cerebellum and 
the upper part of the spinal cord. It is also a well-
known fact that the left cerebral hemisphere controls 
the right side of the body and the right hemisphere of 
the brain is responsible for the left side of the 
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t^dy, Base on these simple information, the type of 
disability produced when the blood supply of a 
particular artery is disturbed can be comprehended. 
Conversely, on examining the physical characteristics 
or symptoms of the patient, the physician can readily 
determine the probable region of damage in the brain. 
The profile of the brain area and its correlated 
target function (extracted from Villee C.A., 1977; 
-Keeton W.T., Gould J.L., 1985 ) is briefly described 
below: 
CEREBELLUM 
This part of the brain regulates and coordinates 
muscular activity, such as contraction and relaxation. 
Impairment of muscle coordination is expected if the 
cerebellum is damaged. The pons is situated just below 
the cerebellum and is responsible for transmitting 
" nerve impulse from one hemisphere of the cerebellum to 
the other and helps to coordinate muscle movement on 
the two sides of the body. 
MIDBRAIN 
The walls of the midbrain contains certain reflex 









^protuberances ( Corpora quadrigemina) which are centres 
for certain visual and auditory reflexes. The midbrain 




It is situated in front of the midbrain. It 
serves in higher vertebrates as a sensory relay-
station on the way to the cerebrum, where complex 
integration takes place. 
HYPOTHALAMUS 
It is the centre for the regulation of body 
temperature, water balance, carbohydrate and fat 
metabolism, blood pressure, sleep and appetite. 
CEREBRAL CORTEX 
In higher animals, the cerebral cortex performs 
most of the complex duties. The cortex had been 
identified to contain discrete regions, each 
responsible for a distinctive function. The complex 
psychological phenomena of consciousness, 
intelligence, memory and learning, cognitive behavior, 
all have their physiological basis in the cerebral 
cortical neurons. 
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� The cerebral cortex can be divided into the 
1 following functional areas: 
i ‘ 
i i) Frontal area: This area of the brain controls the i 
mood disturbance and personality changes, such as 
emotions, rage and fear. Apart from that, the frontal 
area also contains a centre for the sense of smell and 
Broca* s speech area, as well as an area controlling 
the ability to write. If this part of the brain is 
—， .damaged, it would result in agraphia 一 inability to 
write. Movement of the eyes is also controlled by the 
frontal area. 
ii) Temporal area: The left temporal lobe contains 
Wernicke's speech area and is important for the 
monitoring and reception of speech, which when 
damaged, will result in receptive. dysphasia 
(difficulty in speaking) and dyslexia (difficulty in 
reading). 
iii) Parietal area: The functional aspect of the left 
parietal area is mainly calculation and constructional 
ability. The right parietal area is concerned with 
perception. Damage to this area may result in 
incapacitating the function of the left side of the 
body (but not paralysis) , such as vision inattention 
to a particular field of vision. 
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,t 
if ) I 
I i 
I Fig. 1.2 Functional mapping of the sensory and motor cortex. 
1 Left: Somatosensory strip of the human cerebral 
丨！ 
j： cortex receives sensory input form all parts of the 
body. Adjacent parts of the body are represented 
j'j 
next to each other. Note the parts of body with 
large numbers of sensory receptors are represented 
by correspondingly larger areas on the cortex. 
Right: Motor control area of the cortex shows similar 
organization. Those with many small muscle for fine 
motor control occupy larger areas, 
(Keeton W.T” Gould J.L” 1985) 
， - » -
“ .— 
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iv) Motor area: the motor area lies in front of the 
，fissure of Rolando‘, a prominent groove on the 
surface of the brain. The brain cells in the motor 
area controls the opposite side of the body. The area 
display a logical internal organization, represented 
by a distorted ‘upside-down man，. （Fig. 1.2) The body 
parts requiring fine motor control, such as the hand, 
face, tongue, are represented by large area of the 
cortex. 
一 J. - »• 
V) Sensory area: The somatosensory area shows a 
similar mapping as the motor area in that the 
representation is also an ‘upside-down m a n� . {Fig. 
1,2) The only difference is basically that the body-
parts with large number of sensory receptors are 
represented by a disproportionately larger area, for 
instance, fingers, lips and tongue. 
vi) Visual area: The visual area is situated in the 
occipital lobe where visual information is received 
through the nerve fibres of the temporal and nasal 
visual field. 
The diagrammatic representations of different 
parts of the human brain and the cerebral cortex are 
depicted on the following page in Fig. 1.3 and Fig. 
1.4 respectively. 
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Fig. 1 • 3 Diagram showing the side view of left cerebral cortex. 
Four main lobes are shown as indicated: Speech, 
visual, motor and sensory areas are also depicted as 
shaded areas* 
II (Keeton W.T” Gould J.L” 1985) 
5 .. - •‘ 
ji • 
motor 
丨 • ^ ^ “_ 
I I ., 
I •, � I occipital 




Fig. 1.4 Sagittal section showing major parts of the brain 
(Keeton W.T,, Gould J.L” 1985) 
, , thalamus 
cerebral cortex I ； 
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1•3 ^Risk Factors Attributing To Stroke 
Epidemiologic research has revealed the major 
risk factors in cerebrovascular disease. The 
identification of an individual's risk to stroke 
coherently provides the impetus for risk factor 
modification. 
The risk profile of stroke includes such factors 
as physiological states which include age and sex, 
disease conditions, environmental factors such as 
socio-economic status, seasonal variations, habit of 
smoking and genetic factors. The first factor to 
consider is age and sex. Advancing age is the factor 
most consistently associated with strokes of most 
types, the risk rises sharply in later years of life. 
The trend is by no means avoidable, since it results 
presumably from progressive changes in the blood 
vessels of all types throughout the body. Regarding 
the sex factor, stroke tends to affect men at younger 
ages whereas women are more vulnerable to stroke at 
older ages. 
Stroke incidence rates are highest among.those 
people in the lower socio-economic groups. Racial 
Chapter One /4 7 
differences in the pattern of stroke have also been 
reported. In Caucasians, strokes are mainly due to 
infarction, while in Chinese, Japanese and the Black 
I� 
population, intracerebral hemorrhage is the main 
attribute to stroke (Huang C.Y. et al. , 1990) . The 
high incidence of hemorrhagic stroke among Japanese 
and Blacks are thought to be due to the susceptibility 
of atherosclerosis in the fine intracranial vessels 
(Gorelick P.B., et al., 1984). 
Increasing levels of both systolic and diastolic 
blood pressures have been strongly associated with 
stroke occurrence in many epidemiologic studies 
(MacMahon S., et al., 1990) . Data from the Framingham 
study and other research groups indicate that 
cigarette smoking increases the risk of cerebral 
infarction (Shinton R. , Beevers G. , 1989; Wolf P.A., 
D'Agostino R.B•， Belanger A.J., Kannel W.B., 1991). 
‘ History of diabetes mellitus, cardiovascular disease 
and atrial fibrillation have also be identified as 
predisposing factors of stroke (Wolf P.A.� D'Agostino 
R.B. , Belanger A.J. , Kannel W.B. , 1991) . Regarding 
the meteorological factors, a Chinese research group 
discovered that the incidence of cerebral infarction 
due to thrombosis peaked during the humid, hot seasons 
Chapter One /4 7 
！ _. . ‘ 
j 七f late spring and summer whereas cerebral hemorrhage 
；i 
prevailed during cold and dry seasons of the year (Pan 
T.B., 1987) . Evidence of genetic influences in the 
development of stroke has also been reviewed by means 
of molecular genetic techniques (Alberts M.J., 1990). 
The interaction between the environmental and genetic 
factors in the production of a trait which may lead to 
stroke is shown below in Fig. 1.5. 
Fig. 1.5 One possible scenario for the multiple interactions 
between genetic and environmental factors in the 
productions of a trait (atherosclerosis) and several 
phenotypes. Note that genetic factors may act both 
directly and indirectly to produce risk factors. 
(Alberts M.J” 1990) 
GENETIC FACTORS 
t T ^ 
DIET-SMOKING-STRESS 
I X n ^ 1 




On the basis of such risk factors, which can be 
determined on routine physical examinations, stroke 
risk of an individual can be estimated. Prevention of 
Chapter One /4 7 
stroke can also be achieved through public awareness 
and modifications of the prevalent risk factors by 
drugs, diet and alteration of the lifestyle of an 
individual (Dunbabin D.W., Sandercock P•A.G•， 1990). 
‘一，5 - » 
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1.4 Experimental Methods to Induce Cerebral Ischemia 
As aforementioned, the major immediate cause of 
stroke is intravascular occlusion of the cerebral 
microcirculation. Hence experimental methods used so 
far are concerned about the manipulation of the 
cerebral vasculature ( Molinari G.F., Laurent J.P., 
1976)• Presently, global and focal cerebral ischemia, 
whether transient or permanent, are attained mainly 
by two methods: ’ 
I) The introduction of embolic substances into the 
cerebral blood vessels. 
��� Occlusion of the carotid or intracranial 
arteries by surgical methods. 
The first method usually requires less cranial 
surgery, hence minimizing direct trauma to the 
vessel. Many emboli materials have been put into use, 
4 which include sodium arachidonate (Furlow T.W., Bass 
N.H. , 1974) , blood clots (Kudo M., Aoyama A., 
Ichimora S, et al. , 1982), cholesterol crystals 
(Steiner T.J, , Rail D.L.H. , Rose F.C. , 1980) and 
silicone rubber (Tsutsumi K. Inonue M., Shibata S., 
Mori K. , Yasunaga A., 1985 ) . However, the site of 
occlusion is often less precise and defined using 
香港中文文： f _ Kis-臧 
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i/his method. The latter procedure is more accurate 
as the target blood vessel is occluded by ligation. 
As the cerebral vasculature in different species 
shares common characteristics, the occlusion made are 
not species specific (Garcia J.H., 1984). Clinical 
relevance and pathogenetic similarity can thus be 
made with respect to human. An additional advantage 
of this technique is that the occlusion can be 
reversed so that transient ischemia can be studied. 
On the other hand, crush injury to nerves and blood 
vessels may occur during ligation, causing secondary 
physiological and biochemical afflictions. 
Craniectomy is often unavoidable, especially in the 
transorbital ligation of the middle carotid artery 
(MCA) in the rhesus monkeys (Cromwell R.M. , Olsson 
R.�Ommya A.K. , 1971)，which may produce complicated 
lesions and undesirable pressure gradients. 
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1.4.1 � e Establishment of Animal Models for Stroke 
As mentioned earlier, the study of stroke has 
become so popular that comprehensive investigations 
into the etiology, pathology, mechanisms, diagnosis 
and management of the disease is being carried out 
world-wide. 
The most reliable method in understanding the 
disease is probably by anatomical and subsequent 
histochemical and biochemical examinations of human 
tissues. As the use of human biopsy may impose 
certain ethical and technical limitations, the use of 
animal model becomes an attractive alternative. 
Moreover, an animal model is favoured due to several 
reasons: first, the study of vasculature requires an 
in vivo model rather than tissue slices or neuronal 
cell culture； secondly, due to the complexity in the 
" etiology and histopathology of stroke, experimental 
manipulation may be required to precisely simulate 
certain conditions. Thirdly, investigations 
associated with drug effects may best be implemented 
by induction of ischemia in live animals (Ginsberg 
M.D. , Busto R. , 1989). The experiments involving the 
tying up of the carotid and vertebral arteries can be 
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dkted as far back as 1836 when A. Cooper manipulated 
and observed the circulation in the brains of dogs 
after extrinsic compression of specific 
cerebrovascular vessels. Later in 1847, J, Flourens 
introduced a intravascular injection technique for 
the induction of embolism in blood vessels. Since 
then, various animal models and different techniques 
have been developed to produce a model which is 
clinically relevant to human cerebrovascular disease 
(Molinari G.F., 1979). 
The choice of animal model is principally based 
upon the phylogenetic similarities to the human 
species. So far many animal species, including baboon 
(Symon L. , Pasztor E. , Branston M, , 1979), monkey 
(Cromwell R.M., Olsson R., Ommya A.K., 1971) , dog 
(Tsutsumi K. , Inoue M. , Shibata S. , Mori K. and 
Yasunaga A. , 1985), cat (Hayakawa T. , Waltz A.G., 
‘ 1975 ; Kamijyo Y•，Garcia J.H., Cooper J•，1977), 
rabbit (Kolata R.J., 1979) and other rodents such as 
the rat (Longa E. Z. , Weinstein P. R. , Carlson S., 
Cummins R. , 1989) and gerbil (Yoshimine T. and 
Yanagihara T., 1983； Yanagihara T., 1978) have been 
used as models for studying stroke. A special type of 
rat called the ，stroke-prone spontaneously 
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I hypertensive rat� (SHRSP) had also been developed 
:i (Okamoto K. , Yamori Y. , Nagaoka A. , 1974) . None of 
i 
\ y 
I . them, however, is a perfect replica of human because 
I • • 
( of the intrinsic errors that may be introduced during 
i 
I the experiment.In fact, we should bear in mind that 
！; . no single model is a perfect replica of the human 
I i • 
disorder. Nonetheless, each model possesses its 
advantage and disadvantages: the cat model, for 
instance, is mainly applied to pathophysiological 
problems whereas the rat and gerbil models are 
particularly suitable for the application of the 
newly developed regional techniques for simultaneous 
measurement of various hemodynamic and metabolic 
parameters (Hossmann K.A., Mies G. , Paschen W.� 
Matsuoka Y•，Schuier F.J., Bosma H.J., 1983 ). 
Because of the similarity to man in respect of 
behavior, sensorimotor integration patterns, amount 
of neocortex, patterns of cerebral vascularization, 
dexterity and erect posture, baboons and monkeys are 
perhaps the best species to be used as a stroke 
model. On the other hand, in studies involving a 
large number of animals, for example to establish 
reliable statistics, the use of these animals posts 
difficulties in handling and raises ethical issues 
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wftich render them to be undesirable models for 
investigation. 
j 
Smaller animals, especially rodents, are 
seemingly more suitable in large scale studies. These 
animals poses many merits, which is summarized as 
i • • 
follows: 1) low cost, 2) have high reproduction 
rates； hence easily available in large number, 3) 
smaller in size for both ease of handling and 
�� reducing maintenance cost, 4) genetically 
homogeneous and thus avoids individual variability, 
5 ) stereotyped in vascular anatomy, 6) have smaller 
brain size thus facilitates decapitation and 
preservation of samples. In general, among rodents, 
there are anatomical variations which may be 
undesirable in certain experiments but may be 
exploited in others. 
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1.4.2 Gferbil as a Putative Model 
1 ‘ 
� • 
The use of gerbils as experimental animals to 
investigate biharziasis began as early as 1933. 
{Leiper R.T., 1933). Since then, gerbils have been 
extensively exploited as experimental animals in 
medical research, which included the study of plagues 
carried out by Schultz K.H. (Schultz K.H. , 1951 ) 
and Davis D.H.S. (Davis D.H.S. , 1953 ) . Later, van der 
Iloeden J. also reported the use of gerbils in the 
investigations of leptospirosis (van der Hoeden J., 
1954). Other research using gerbils included tapeworm 
infestation studies conducted by Yamashito J. et al• 
{Yamashito J. et al. , 1958) and dietary cholesterol 
studies carried out by Gordon S. (Gordon S., et al,, 
1960) • 
Gerbils, also known as sand rat or desert rat, 
are desert animals found in Eastern Europe and the 
drier parts of Asia and Africa" (Schwentker V. ,1980). 
Mongolian gerbil, originally native to northeast 
China and eastern Mongolia, is so far the most 
successful type of gerbils bred in the laboratory. 
The mongolian gerbil belongs to the genus Meriones， 
family Muridae, sub-family Gerbillinae (Schwentker 
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j • 
•i 
V. , 1980). Among all species of the Mongolian gerbil, 
the species unguiculatus was the most commonly used 
due to its superior natural characteristics as well 
as its more unique and usable susceptibilities. 
Gerbils are small light brown rodents with 
black-tipped fur covering all over the body and tail. 
The average size of the mature animals ranges 
somewhere between mice and rats. The eyes are large 
�� and black. The head is broad and the body is short 
and stout. 
Because gerbils are native to arid desert 
climate, they are highly adaptive to a wide range of 
living conditions, including an unusual capacity for 
temperature regulation (Robinson P.F., 1959). They 
readily thrive on even small reserves of water. The 
reproductive power is also quite high. The gestation 
" period is approximately 25 days, with a litter size 
ranging from 1 to 12, with an average of 4.1 
(Schwentker V., 1980). Gerbils usual reach their 
sexual maturity 10 to 12 weeks after birth, where as 
mature gerbils have an average weight of about 70 to 
100 g. 
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I i Ligation of the cervical arteries in a number of 
\ 
animals do not give rise to brain circulation 
li disorders. This phenomenon is attributed to the end-
�� i I r to-end anastomoses connecting the branches of the 
internal and external carotid arteries. This 
collateral blood supply maintains the tissue in a 
viable state. The circle of arteries at the 
posterior base of the braiA was first described by 
Thomas Willis in 1664 (Willis F., 1679)， since then 
�� it has been called the �circle of Willis� . 
In 1966, Levin and Payan reported a 20% 
mortality in Mongolian gerbils (Meriones 
unguiculatus) when their common carotid artery (CCA) 
were unilaterally ligated. (Levine S. , Payan H., 
1966) , Both Kahn and Ito demonstrated a 53% (Kahn 
K. , 1972 ) and a 30% (Ito U. , Spatz M. , Walker 
J.T.Jr•， Klatzo J., 1975) mortality rate when brain 
“ ischemia was induced in gerbils after ligation of one 
of the common carotid arteries . 
The reason why stroke can be induced in gerbils 
is mainly due to an absence of the posterior 
communicating arteries or the circle of Willis in 
these animals. (Fig. 1.6) This defect leads to the 
i 
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development of severe neurologic deficits and 
unilateral hemispheric infarction following 
ipsilateral common carotid artery ligation. Small 
vessels may, however, course on the ventral surface 
of the midbrain, thus providing sufficient 
communications between the basilar and carotid 
circulations. Moreover, a number of gerbils have a 
prominent anastomosis between the proximal portions 
of the two anterior cerebral arteries forming a 
liiidline azygous vessel (Berry K. , Wisniewski H.M., 
Svarzbein L. , Baez S. , 1975 )• Because of these two 
reasons, only about 30% to 60% of all the gerbils 
unilaterally ligated suffer from hemispheric 
ischemia. 
Fig • 1.6 Incomplete circuius of Willis in a gerbil in which 
arteries were injected with carbon particles 
(Ito U” Spatz M” Walker J.T.Jr” Klatzo J” 1975) 
m 
I 
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In spite of this somewhat low success rate, all 
animals affected do show the locomotive disabilities 
correlating with the clinical symptoms of ischemia. 
Symptoms such as seizures, circling behaviour and 
convulsions can be used as markers or index to 
reflect the degree of ischemic damage. 
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1.5 'Mechanisms of Focal Ischemia Damage 
Cerebral ischemia virtually means a lack of 
blood supply to the brain tissues. This not only 
I implies an oxygen deficit, but also a shortage of 
metabolic nutrients, especially glucose, which in 
turn provokes disturbances in the general metabolism 
of the brain as well as neurotransmitter synthesis. 
— Brain is an organ which practically lacks any 
energy reserve, and is totally dependent on the 
amount of glucose and oxygen supply via the vascular 
system: Oxygen is essential for the oxidative 
phosphorylation of glucose in the Kreb，s cycle, it is 
also required for the synthesis of neurotransmitter 
by enzymes. Occlusion of a major cerebral artery-
brings about an immediate irreversible deleterious 
effect on cerebral energy metabolism and all the 
processes depending on it, including flow dynamics in 
the central zone and other metabolic alterations. 
The pathophysiology of ischemic stroke can be 
discussed under several topics: 
* 
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1• Changes in circulation, blood flow and electrical 
activity 
After the onset of stroke, circulation persists 
in many of the areas normally supplied by the 
occluded artery as demonstrated by visualizing 
fluorescein and carbon black injected intravenously. 
Local loss of autoregulation can be observed about 
one hour after the onset of stroke on the peripheral 
area of ischemia. Darkening of venous blood and 
slowing of the flow and aggregation of circulating 
blood elements is followed by appearance of focal 
pallor, arterial spasm, appearance of red blood in 
veins. Perivenous hemorrhages and cerebral edema can 
be observed on the cortical surface from a few hour 
to a few days post ischemia (Heiss W.D, Hayakawa T.， 
Waltz A.G.，1976) • 
Cerebral blood flow (CBF) has great correlation 
with histological damage. During focal ischemia, 
local regulation of blood flow is generally abolished 
in all species. This is brought about by a 
diminishing flow after the resistance vessels in the 
affected territory are fully dilated. Nonetheless, 
varying degree of CBF change and structural damage 
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� u l d be observed in different animals due to intra_ 
species variation. 
It is important to note that blood flow begins 
I ‘ 
1 to fall after arterial occlusion only after the 
I ‘ 
j resistance vessels in the affected territory are 
j fully dilated leading to a reduction of local 
I regulation of blood flow. The drop may be from 20 to 
i 
50% of preocclusive levels (Sundt T.M., Waltz A.G., 
� " 1971) . Occlusion of a single artery is more than 
enough to induce a reduction in cortical flow, j • 
I whereas obstruction of microcirculation does not I ！ 
necessarily have a direct causal effect on infarction 
(Kontos H.A., 1986), though extensive injury to 
neurons may occur. Changes in vascular reactivity 
and the onset of infarction is marked by permanent 
depression of local cerebral blood flow. Changes in 
electroencephalographic tracing often reflect more 
‘ accurately the state of ischemic brain area than do 
the changes in blood flow. 
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2• ^Biochemical and metabolic alterations in areas of 
focal ischemia 
After the onset of infarction or ischemia, the 
extent of regional metabolic responses varies in 
accordance to the reduction of local blood flow. A 
rise in serum creatine phosphokinase, glutamic 
oxalacetic transaminase, lipids, glucose and 
hydrocortisone was reported (Wexler B.C., 1972). 
Changes in brain metabolite level such as 
lactate, pyruvate, AMP, ADP, ATP are found to occur 
near the arterial territory where the stroke is 
initiated. ATP level is decreased while lactate 
i . 
level increases steadily due to a shift to anaerobic 
respiration under anoxic conditions. A reduction of 
the mitochondrial respiratory chain metabolites is 
also observed and disturbance of ion distributions is 
4 also a common phenomenon. A rise in pH level can be 
expected. Changes in lactate level can be correlated 
with changes in local cerebral blood flow, which 
indicates that the loss of autoregulation can be a 
result of lactic acid accumulation (Sundt T.M., 
Michenfelder J.D., 1972). Oxygen availability is also 
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� 
� i c h brings about a loss in vascular reactivity or 
(� 
autoregulation. Cyclic AMP (cAMP) levels are also 
I.:: 
changed. This is caused by plasma membrane 
'! . I： perturbations consequent to cell metabolism 
h • 
alterations (Flamm E.S., et aJ[•，1978) . Cerebral 
I insults will lead to consumption of ascorbic acid in 
the quenching of free radicals, hence a drop in 
I . 
ascorbic acid can be anticipated (Moossy J•， 1979). 
Lipid-bound bivalent cations level in the brain 
decreases promptly after arterial occlusion which may 
account for the dysfunction of plasma membranes 
(Birnberger J.A.C., Eliasson S.G., 1970) • 
Breakdown in cerebral cell energy metabolism 
during cerebral ischemia leads to a cascade of 
events. Protein synthesis is found to be generally 
inhibited, as revealed by in vivo incorporation of 
intravenously administered of 1 -1-[l^c] - valine (Dienel 
‘ G•A., Cruz N.F., Rosenfeld S.J., 1985)• The 
inhibition is accompanied by a breakdown in 
polyribosomes and a concomitant increase in ribosomal 
subunits. This indicates a block in post-ischemic 
peptide chain initiation (Cooper H.K., Zalewska T., 
Kawakami S., Hossann K.A., Kleihues P., 1977). 
Chapter One /4 7 
3• ^dema and changes in blood brain barrier Permeabi1i ty 
Due to dysautoregulation and vasoparalysis, an 
immediate increase in brain volume after the onset of 
cerebral ischemia can be observed. Water retention 
and sodium contents are notably increased in a 
progressive manner: first in the gray matter as soon 
as three hours post ischemia and moved to the white 
matter 12 to 48 hours later. Accumulation of fluid 
�� With influx of sodium and efflux of potassium occurs 
at 12 hours in the cortex and in the putamen at 24 
hours. Substances that normally do not cross the 
blood brain barrier such as pertechnetate and albumin 
are found in high extravascular levels. The location 
and severity of the vascular permeability correlates 
with the location and severity of ischemia cell 
damage. Hence brain tissue damage during ischemia is 
accompanied by leakage of serum proteins (Jenkins 
‘ L . W. , Povlishock J.T. , Becker D.P. et al. , 1981). In 
the initial stage, the mechanism of permeability is 
via micropinocytosis, and in the late post-ischemic 
period it appears to be passive leakage through 
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� 4. �istochemical changes 
Histologic study and fine structural analysis of 
neuronal alterations is made possible by various 
staining and microscopic techniques. Histologic 
damage are initiated as soon as 15 minutes after 
ischemia. The neuronal changes which develop in area 
of focal ischemia are heterogeneous and specific. 
The earliest lesion was found in the subiculum-CA 1 
� n d CA 2 regions of the hippocampus (Yanagihar T., 
Yoshimine T •， Morimoto K•， et ai. , 1985), Ischemic 
lesions then proceed onto cerebral cortex, thalamus 
and caudoputamen. 
At the site of cerebral infarction, all cells 
(neuronal and glial cells), blood vessels including 
arteries, veins and capillaries as well as both 
myelinated and non-myelinatednerve fibres have 
“ undergone necrosis (Nedergaad M. , 1988) . In the 
central zone of infarction, cells are pale and 
swollen, and the nuclear chromatin became dispersed. 
In the peripheral zone, shrunken neurons with 
basophilic cytoplasm are evident. One to two days 
after the onset, the swollen neurons are replaced 
with small eosinophil cells. Electron microscopic 
] 1 
I 
I i \ 
i 
I 
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Examination revealed fluid containing cavities as 
well as a few lipid—filled phagocytes (Negeraard M•， 
1984). ‘ 
The periphery of the infarcted zone suffers from 
selective neuronal injury. The neuron cells are 
irreversibly damaged. The acidophilic nerve cells 
which can be stained by acid dyes are used as 
quantitative indicators of neuronal damage. In the 
�� neurons of the corresponding arterial region, a wide 
variety of structural changes occur including pallor 
of nucleic acids in both nucleoplasm and cytoplasm, 
shrinkage and condensation of perikaryon, nuclear 
pyknosis, cytoplasmic eosinophilia, precipitation of 
formaldehyde pigment (Garcia J.H., Lossinsky A.S., 
Kauffman F.C., et al, 1978). The extent and location 
of neuronal damage depends on the exact location of 
the arterial occlusion. 
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1.6 Potential biochemical markers for cerebral ischemia 
In the diagnosis of vascular diseases and 
diseases involving the central nervous system (CNS), 
biological markers can serve two main functions: it 
may indicate the severity of a particular aspect of 
the disease or a prognostic guide of the patient's 
potential for survival. Although there is still no 
proven treatment to reverse ischemic stroke, it 
�;would be best to institute treatment as early as 
possible (Barsan W.G. , Brott T.G. , dinger C.P., 
1989). The development of a suitable marker thus is 
a critical task since clinical assessment of the 
extent of CNS damage and the chance of recovery is 
still very difficult and neurological examinations 
may not necessarily reveal the true neurologic status 
of the patients. 
The choice of a suitable marker depends on its 
variation in concentration in order to reflect the 
extent of injury. Such a marker should be best 
existing extracellularly and present in high 
concentration in areas vital to survival to 
facilitate detection (Bakay R.A.F., Sweeney K.M•， 
Wood J.H., 1986b)• 
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4 Many potential markers have already received 
wide attention. They include glycolytic and 
mitochondrial enzymes which are involved in the 
transfer of high-energy bonds. Such enzymes are 
creatine kinase (CK), lactic dehydrogenase (LDH), 
adenylate kinase (AK)• Creatine kinase transfers an 
energy-rich bond between creatine and adenosine 
triphosphate (ATP) or between creatine phosphate and 
adenosine diphosphate (ADP). The predominant 
isoenzyme of CK in neuronal tissue is CK-BB (brain 
type isoenzyme) . The CK enzyme does not normally 
cross the intact blood-brain barrier (BBB) and thus 
elevated levels in cerebrospinal fluid (CSF) and 
serum promptly reflects CNS injury (Petronia R.R.L.， 
1 
Maas A.H.J., van Veelen C.W.M., Staal G.E.J., 1980). 
On the other hand, its consistency as a marker for 
stroke is still under investigations (Hay E. , et al. ’ 
1984 ) • 
Lactic dehydrogenase reversibly transfers 
hydrogen between lactate and pyruvate. The enzyme 
contains five isoenzymes and all are normally 
detectable in serum and CSF. Elevated levels is 
expected during neurological injury. However, 
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i Aevels and subsequently makes complications to 
g 
5 diagnosis (Bakay R.A.F., Sweeney K.M., Wood J.H., 
！ 1986b). 
Adenylate kinase catalyzes the formation of 
cyclic adenosine monophosphate (cAMP) or ATP in a 
reversible reaction with phosphate and ADP. It 
exists in six isoenzymes forms where none is organ 
specific. AK activity is elevated in CNS trauma where 
� t h e level is barely detectable under normal 
circumstances. Its existence in blood poses the 
artifact of blood contamination and render it 
unreliable as a good marker (Russel P.J., Horenstein 
J.M.， Goins I., Jones K. , Lave M. , 1974) . The 
enzymatic markers suffer from the drawback that they 
do not necessarily differentiate between various 
types of neurological injury , but can only indicate 
their extent, 
On the other hand, a number of nervous-system-
specific proteins had been discovered. Three of these 
are 1) Neuron-specific enolase, 2) S-100 proteins, 3) 
70kD heat shock proteins. Following the occlusion of 
middle cerebral artery in human stroke patients, 
increased levels of neuron-specific enolase 
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Concentrations was measured, which correlate with the 
size of the cerebral infarct (Steinberg R., Gueniau 
C., Scarna H. et al. , 1984) . Neuron-specific enolase 
(NSE) (EC 4.2.1.11) (Keller A. , Scarna H. , Mermet A., 
Pujol J.F., 1981) is the r-subunit of enolase present 
mainly in neurons (Hardemark H.G., Persson L., 
Bolander H.G., Hillered L,, Olsson Y. , Pahlman S., 
1988). The approximate molecular weight of NSE is 
about 78 Kd (Marangos P.J. , Schmechel D. , Parma A.M., 
台亡 al* , 1979). It is known that NSE is released to 
the CSF from damaged cerebral tissues such as the 
cortex and the caudoputamen and reflects the 
development and size of infarcts in ischemia. Hence 
analysis of NSE concentrations in CSF can be used to 
study temporal effects on the development of 
infarct. The pitfall of using NSE as an indicator for 
brain damage lies in ttre fact that it is not specific 
for a single neurological disease. It is found to be 
‘present in the CSF of patients with various types of 
neurological disorders, such as CNS tumours, 
lymphoma, strokes, TIA and epilepsia. The NSE assay 
in CSF can be used as a non-specific indicator of 
abnormal CNS related pathological processes (Jacobi 
C.， Reiber H., 1988). 
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S-100 protein is a soluble acidic protein with 
a molecular weight of 21 Kd (Dannies P.S., Levine L., 
1969). Since its discovery in 1965 (Moore B.W., 
1965), much information has been gained with respect 
to its structure and occurrence. The protein is 
given its name 'S-100' due to its solubility in 100% 
saturated ammonium sulphate at neutral Ph (Sindic 
C. J • M., Chalon M. P., Cambiaso C. L., La terre E. c. , 
Masson P.L., 1982). The protein is known to occur in 
3 forms: S-100 ao, S-100 a and S-100 b, all are 
~ -.j ~ 
composed of dimeric subunits of aa, aE" E13 
respectively (Mahadik S.P., Korenovsky A., Rapport 
M.M., ' 1979). 
S-100 is located mainly in astrocytes and 
Schwann cells and neurons, S-100 b is present in high 
concentrations in glial cells and Schwann cells, S-
100 a is present in glial cells but not in Schwann 
cells, S-100 ao can only be found in neurons (Matus 
A., Mughal S., 1975). Its presence has also been 
detected in other nonnervous tissues such as adipose 
~ 
tissue, melanocytes, and T-lymphocytes (Hidaka H., 
Endo T., Kawamoto S., et· al., 1983; Kanamori M., Endo 
T., Shirakawa S., et al. 1982). S-100 has also 
been discovered to exist ln certain tumors such as 
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glioma, melanoma, schwannoma, skin tumors, 
a s t r o c y t o m a , a c o u s t i c n e u r i n o m a s , 
ganglioneuroblastoma and ganglioneuroma (Cocchia D•， 
Michetti F. , Donate R. , 1981; Pfeiffer S.E., 
Kornblith P.L., Care M.L., et ai, 1972). 
Many studies have been performed to determine 
the quantitative relation between the degree of cell 
damage in the central nervous system and the 
concentration of these proteins in the CSF of 
patients afflicted with neurologic disorders. It was 
discovered that increased concentrations of both S-
100 and NSE were found after larger infarcts. In 
smaller infarcts and transient ischemic attacks, only 
NSE concentrations were found to increase. Presence 
of these proteins were detected by RIA or 
imnmnochemical methods in cerebral spinal fluid as 
early as 18 hours after the onset of cerebral 
infarction (Persson L. , Hardemark H.G., Gustafsson 
J•， et al., 1987) . On the other hand, elevated 
concentrations of S-100 proteins have also been found 
in the CSF of patients with other cerebral disorders 
such as subarachnoid hemorrhage (Persson L., 
Hardemark H. , Edner G. , et ai. , 1988), hematoma, 
cerebral metastasis (Fagnart O.C., Sindic C.J.M•， 
Laterre C., 1988), head trauma, viral and bacterial 
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infections of the CNS, peripheral neuropathies, 
dementia, optic neuritis (Sindic C.J.M., ChalonM.P., 
Cambiaso C.L., Laterre E.G., Masson P.L., 1982). 
The frequent increase in S-100 concentration in 
CSF from patients with cerebrovascular diseases 
underlines the potential value of this protein as a 
marker of brain damage. Studies are now taken to 
interpret the marker concentration with the temporal 
… c h a n g e s in the disease process. Patients who recover 
from diseases like stroke exhibit a reduced level of 
S -100 (Sindic C.J.M., Chalon M.P., Cambiaso C.L., 
Laterre E.G., Masson P.L., 1982). However, the 
association of this protein with a vast number of 
cerebral disorders make the analysis of this protein 
difficult as an indicator for the exact 
pathophysiological events which lead to the brain 
damage. Moreover, in terms of stroke, S-100 is only 
‘sensitive to large hemispheric infarction, and hence 
its application is only limited as a prognostic 
index. 
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I " Synthesis of heat shock or stress proteins is an 
integral component of the heat shock or stress 
response; a highly conserved cellular reaction to 
metabolic stress in injury (Gower D.J., Hollman C., 
Lee K.S., Tytell M., 1989). Their presence is 
relatively low in nonstressed cells and becomes 
dramatically elevated following stress. A 70 kDa 
heat shock or stress protein has been detected in 
mammalian cells and tissues such as brain, thymus, 
heart, lung, spleen, liver and kidney under 
hyperthermia, anoxia, chemical treatment and heavy 
metal treatment (Currie R.W., White F.P., 1981). A 
peculiar aspect of this protein is its level of 
conservation between species, such as Drosophila and 
mammals (Hunt C., Morimoto R. I . , 1985 ) . The 
synthesis of this protein was found to be accompanied 
wi th an increased transcription of genes encoding the 
stress proteins (Welch W.J., Feramisco J.R., 1984). 
High concentrations of heat shock proteins in 
cerebral microvasculature has been associated with 
the initial response of the vascular system to brain 
(White F.P., 1980) and spinal injury (Gower D.J., 
Hollman C., Lee S.K., Tytell M., 1989). Histologic 
examinations have verify their localization to be in 
Chapter One /4 7 
J:he cytoplasmic and nuclear portions of the glial and 
neuronal cells. It is thus speculated that stress 
response involves increased production of stress 
proteins, leading to elevation of the cellular stress 
prptein pool and the redistribution of stress 
proteins to the nucleus or nucleolus (or both) of the 
injured cell thus facilitating protection of nuclear 
components by means of protein stabilization within 
the cytoplasm of the stressed cell (Pelham H.R.B., 
1984). It has been discovered that a 70 kilo-dalton 
stress protein was obtained as a major translation 
product during recirculation following transient 
ischemia in gerbils (Nowak T.S.Jr., 1989; Nowak 
T.S.Jr., Ikeda J., Nakajima T., 1990) . This 
transient ischemia-induced stress protein is found 
present in the ipsilateral hippocampus (Dwyer B.E., 
Nishimura R.N. , Brown I.R. , 1989) , its presence is 
more pronounced in the dentate granule cells and CA3 
.neurons, but minimal in hippocampal CAl neurons which 
die after brief ischemic episodes (Vass K. , Welch 
W.J., Nowak T.S.Jr., 1988). The localization of 
these proteins is useful in the evaluation of the 
role of stress response in cell death and recovery in 
the CNS. 
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‘ Although the exact function of the stress 
proteins remains unknown, it is speculated that this 
protein might be important for cell survival under 
conditions of environmental or physiological stress 
(Petersen N.S., Mitchell H.K., 1981). 
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1.7 Aim Of The Investigation 
The principle objective of the present study is 
to establish a reliable animal stroke model using 
gerbils (Meriones unigulatus). The unilateral common 
carotid artery is ligated to induce ipsilateral 
cerebral infarction. Such as an animal stroke model 
has been widely engaged in the investigation of the 
physiological and biochemical parameters of stroke 
since 1966. In addition, attempts to identify 
alteration in the cerebral protein pattern during 
stroke are made through electrophoretic and 
immunochemical techniques. 
/ 
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M a t e r i a l s a n d M e t ^ h o d s 
2.1 Common chemicals 
All chemicals listed below were of analytical grade 
unless otherwise stated. 
Chemical Supplier 
-3 Acetic acid Merck(Germany) 
Acrylamide Bio-Rad 
Agarose Sigma (U.S.A.) 
Ammonium persulphate Bio-Rad 
Ampholine (pH 3.5-10; 5-7) LKB 
BSA (Albumin, Bovine, Fraction V) Sigma (U.S.A.) 
Coomassie Brilliant blue (G) Bio-Rad 
Calcium chloride (CaCl2.2H20) Merck (Germany) 
2,5-Diphenyloxzole (PPO) Sigma (U.S.A.) 
‘Disodium EDTA Mallinckrodt 
Ethanol, absolute Merck (Germany) 
Glycerol Merck (Germany) 
Glycine Sigma (U.S.A.) . 
Methanol Merck (Germany) 
N,N,-Bis-methylene-acrylamide Fluka Chemie 
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Chemical Supplier 
2,2'-P-Phenylene-bis(5-phenyloxazole)(POPOP) Sigma 
Potassium chloride (KCl) Riedel-deHaen 
(Germany) 
-�Potassium hydroxide (KOH) Merck (Germany) 
Sodium acetate (NaOAc) likings (China) 
Sodium chloride (NaCl) Riedel-deHaen 
(Germany) . 
Sodium bicarbonate (NaHCOj) Merck (Germany) 
Sodium carbonate (Na^COj) Riedel-deHaen 
(Germany) 
Sodium dodecyl sulphate (SDS) Sigma 
Sodium hydrogen phosphate (NaHPO^) Fluka Chemie 
< (Switzerland) 
Sodium hydroxide Koch-light (UK) 
Sulphuric acid (HgSOp G e n z y m e 
(England) 
TEMED Bio-Rad 
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Chemical Supplier 
Trichloroacetic acid (TCA) Fluka Chemie 
(Switzerland) 
Triton X-100 Rohm & Haas 
Trizma base Sigma 
Tween -20 Fluka Chemie 
(Switzerland) 
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2•2 jCommon bench solutions 
lOx PBS (Phosphate-Buffered Saline) 
A) Preparation of 0,1 M phosphate buffer (pH 7.4) 
2.96 g NaH2P0^.2H20 and 29.01 g Na^HPO^ . I2H2O 
were dissolved and made up to 1 litre with 
distilled water and adjusted to pH 7.4. 
B) i) Preparation of lOX PBS 
87.66 g of NaCl was added to 0.1 M phosphate and 
一' … b u f f e r e d to a final volume of 1 litre. 
ii) Ix PBS 
Prepared by diluting lOX PBS ten times with 
distilled water. 
2. 3 Animals 
2.3.1 Gerbils 
Mongolian gerbils (Meriones unguiculatus) of both 
sexes weighing 70 g to 110 g were bred and kept in 
< the animal house at the Chinese University of Hong 
Kong and with a day/night cycle of 12/12 hours. Food 
and water were administered ad libitum. 
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2.3.2 Jiabbit 
Female rabbits weighing 10-15 kg were bred in the 
animal house at the Chinese University of Hong Kong. 
They were used for antiserum production. 
Rabbits were kept with a day/night cycle of 12/12 
hours. Food and water were given ad libitum. 
. 一 ； : - 众 -
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2.4 Establishment of an animal model 
2.4.1 Surgical methods for common carotid artery 
(CCA) ligation 
Gerbils were caged in random groups of three or 
four. They were stabilized and observed for 
approximately three days to a week prior to 
experimentation. 
To prepare gerbils for surgical operation, each 
animal was anesthetized by an intraperitoneal 
injection of 0.2 ml sodium pentobarbital (20 mg/ml in 
0.9% saline). A 1-cm midline anterior cervical 
incision was made and care was taken to avoid 
damaging the submaxillary glands, sterno-hyoid muscle 
and adjoining tissues. The left common carotid artery 
was exposed and isolated. A segment was ligated 
^ doubly and the artery was transected between the 
sutures as depicted in Fig. 2.1. 
The wound was then closed with steel surgical 
clips. Gerbils were then put back to their cages. 
Observations were made intermittently at 30- minute 
intervals for 3 hours during which the animals were 
usually unconscious (anesthesized) in the first 30 
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jaiinutes to 1.5 hours and then regained full 
consciousness and motor abilities afterwards. The 
stroke index was recorded after the effect of the 
anesthetic was over. Another group of gerbils was 
also operated but without common carotid artery 
ligation. These sham—operated gerbils, which were for 
use as controls, were separately caged. The number of 
animals which died due to surgery was recorded. 
^ - a-
* 簽 . . 
• . •• I -^ T*. • � — . • 
^"W�"^^""" -^*^^^�^^^�^^^^^^ !^�^^^^ rternonuuxoid mujci« 
• 、 ^ . 
Fig. 2.1 Ventral aspect of gerhil during surgery, showing 
site of left common carotid artery ligation. (Adapted 
from Aspey B.S” 1983, with modifications) 
« 
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2.5 ^Methods to determine stroke conditions of gerbils 
2.5.1 Ocular Fundus Examination 
lo/o atropine sulfate (w/v)" in 0.9% saline was 
applied using a teat pipette onto both eyes of the 
gerbil 10 minutes before CCA ligation. The ocular 
fundus was examined using an ophthalmoscope before 
the operation and after the operation. Close 
observations were made and recorded. Both operated 
and sham-operated gerbils were observed and the 
observations recorded. 
2•5.2 Stroke Index 
On regaining consciousness, the motor abilities 
of each gerbil was observed, evaluated and recorded 
using a tabulated form shown in Fig. 2.2. The total 
score (stroke index) was obtained for each gerbil 
(operated and sham-operated) for a pre-defined time 
after CCA ligation. Morbidity and mortality were also 
recorded. 
The criteria for scoring stroke index and the 
respective score are listed as follows: 
Chapter Two /57 
Signs Stroke Index 
Paucity of movement 1 
Loss of equilibrium 1 
Ptosis 2 
Splayed-out hind limb 3 
� Circling behavior 3 
Extreme rotation of hind limb 3 
Rolling seizure 3 
Coma 31 
Death 36 
The score reflects the relative severity of the 
symptoms, that is, the higher the score, the more 
4 severe the stroke is. These neurologic signs were 
adopted from C.P. McGraw (McGraw C.P.,1977) with 
slight modifications. 
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2.5.3 ^Inclined Plane Method 
An inclined plane set up consisting of a movable 
plane was constructed by the Technical Services 
Unit, CUHK for this experiment. In order to make 
observation more lucid, transparent acrylic boards 
were used for the set up. 
Both the operated and sham-operated gerbils were 
allowed to make to-and-fro 'runs, on the inclined 
� � p l a n e . The maximum angle of inclination 
withstandable for each gerbil were recorded. The 
following page shows two photographs illustrating the 
inclined plane set up and gerbils under test. 
^ 、 
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‘ bb^ I 
Fig. 2.3 Photographs showing the inclined plane set up 
(top); with gerbils under test (bottom). 
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2.6 Preparation of gerbil brain for subsequent analysis 
6.1 Preparation of gerbil brain slices 
Gerbils were sacrificed regardless of stroke 
conditions at recorded time intervals after CCA 
ligation by cervical dislocation. The head was 
decapitated and the skull carefully chipped away, 
exposing the brain. The brain was removed as intact 
一 ， a s possible while discarding cerebellum, medulla 
oblongata and any dangling spinal cord. The brain 
was immersed in ImM phenylmethyl-sulfonylfluoride 
(PMSF) in Ix PBS to wash away blood cells. 
2.6.2 2,3,5-Triphenyltetrazolium Chloride (TTC) for 
qualitative staining of brain slices � 
^ � Coronal brain slices between the optical chiasma 
and mammalian bodies were made as thin as possible. 
Care was taken to identify the left and right side of 
the brain. Slices were immersed in tubes containing 
2 ml 1% TTC (w/v) in 0,9% saline at 37�C. After 30 
min of incubation, the brain slices were transferred 
to tubes containing 2 ml of 20% phosphate-buffered 
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for^malin for fixation (Bederson J.B. , Pitts L.H., 
Germano S.M., Nishimura M.C. , Davis R.L. and Bartkowski 
H,M•，1986) • Brain sections were then taken out for 
examination. 
2.6.3 Preparation of normal and stroke gerbil brain extract 
The entire brain was taken out after rinsing, the 
forebrain and hindbrain was carefully excised away, 
"^leaving the middle portion. The left and right side of 
the middle portions were then separated along the median 
sagittal plane. Tissues were frozen immediately in 
liquid nitrogen and subsequently stored at -70�C. Fresh 
brain portions or thawed samples are gently homogenized 
in Ix PBS with ImM PMSF (1:10 w/v) • The homogenized 
mixture was centrifuged at 15000 rpm for 30 minutes at 
4�C. The supernatant (water soluble fraction) and the 
cell pellet (water insoluble fraction) were aliquoted 
^and stored at -70°C. 
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Polyacrylamide Gel Electrophoresis (PAGE) using a 
discontinuous buffer system (Laemmli U.K., 1970) 
2.7.1 Stock Reagents 
I. Acrylamide/Bis (30% T, 2.67% C) 
87.6 g acrylamide and 2.4 g N'N'-Bis-methylene-
acrylamide were weighed and made to 300 ml with 
distilled water. The mixture was filtered and 
stored at 4�C in the dark. (Shelf life was 
“ approximately 60 days.) 
� � . 1 . 5 M Tris-HCl, pH 8.8 
27.23 g Tris base was dissolved in 80 ml 
distilled water and adjusted to pH 8.8 with IM 
HCl. The solution was made to 150 ml with 
distilled water and stored at 4°C. 
III. 0.5M Tris-HCl, pH 6.8 
^ 6 g Tris base was dissolved in 60 ml distilled 
water and adjusted to pH 6.8 with IN HCl. The 
solution was made to 100 ml with distilled water 
and stored at 4 ° C. 
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IV. 10% SDS 
10 g SDS was dissolved in water with gentle 
stirring and brought to 100 ml with distilled 
water. The final solution was stored at room 
temperature. 
V. Sample Buffer (SDS reducing buffer) 
Distilled water. . ml 
0.5M Tris-HCl, pH 6.8 1.0 ml 
Glycerol 0.8 ml 
10% (w/v) SDS 1.6 ml 
2-@ mercaptoethanol . 4 ml 
0.05% (w/v) Bromophenol blue 0.2 ml 
8.0 ml 
IV. 5X Electrode (Running) Buffer, pH 8.3 
^ 9 g of Tris base, 43.2 g of glycine and 3 g of 
SDS were mixed together and dissolved in 600 ml 
of distilled water and adjusted to pH 8.3. The 
final solution was stored at 4�C. 
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2.7.2 ^Separation Gel Preparation (0.375M Tris, pH 8.8) 
Gel Concentration 
7.5% 10% 12.5% 15% 
Distilled water 14.55 12.04 10.05 7.04 
1.5M Tris-HCl, pH 8.8 7.50 7.50 7.50 7.50 
10%(w/v) SDS 0.30 0.30 0.30 0.30 
Acrylamide/Bis (30% stock) 7.50 10.00 12.00 15.00 
10%^  ammonium persulfate 0.15 0.15 0.15 0.15 
(w/v) in distilled H^ O 
TEMED 0.015 0.015 0.015 0.015 
notes: 1, The volume of the reagents were 
expressed in ml. 
2. The final solution of the monomer is 30 
ml, which is just enough for one slab 
^ gel (1.5 mm thick). 
3. Before gel casting, the monomer solution 
without TEMED and ammonium persulfate 
was degassed for more than 15 minutes at 
room temperature. 
4. Ammonium persulfate solution was 
prepared fresh before use. 
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2.7.3 Slacking Gel Preparation (4.0% gel, 0.125M Tris,pH 6.8) 
Distilled water 9.15 ml 
0.5M Tris-HCl, pH 6.8 3.75 ml 
10% (w/v) SDS 0.15 ml 
Acrylamide/Bis 1.95 ml 
(30% stock) 
10% ammonium persulfate 0.05 ml 
TEMED 0.01 ml 
NOTES: 1. The final volume of the stack monomer 
is about 15ml, which is more than 
enough for one slab gel (1.5 mm 
thick). 
2. The monomer solution without TEMED 
and ammonium persulfate should be 
degassed for more than 15 minutes at 
< room temperature. 
3* The ammonium persulfate solution was 
prepared freshly on the day before 
use. 
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2.7.4 Electrophoresis Conditions 
The water soluble fraction of the brain extracts 
was diluted four times with sample buffer and heated 
at 95 for 5 minutes. Low molecular weight markers 
and high molecular weight markers (Pharmacia LMW kit 
and HMW kit) were used to monitor the size of the 
extracted proteins. 
60 Volts were applied to the slab gel until the 
一 ， d y e front migrated to within 1-2 cm of the bottom the 
gel. 
2.7.5 Staining and destaining 
Two methods of staining were employed: 
I. Coomassie Blue Staining Method 
(i) Staining agent: 0.1% (w/v) Coomassie blue 
R-250 or G-250 in 40% Methanol, 10% Acetic 
Acid in distilled water (v/v/v). 
^ (ii) Staining conditions: 4 hours or overnight 
at room temperature. 
(iii)Fixing and destaining agents: 40% Methanol, 
10% Acetic Acid in distilled water (v/v/v). 
(iv) Fixing and destaining conditions: Room 
temperature for 1-2 days or until 
background stain is removed. 
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/I. Silver Staining Method ( Merril C.R., 
Goldman D., Sedman S.A. and Ebert M.H., 1981.) 
The method employed here is for mini-gels of. 0.5 
to 1.0 mm thick. 
(i ) Fixing agents 
Fixative A: 40% methanol/ 10% acetic acid/ 
50% deionized water (v/v/v) 
Fixative B: 10% ethanol/ 5% acetic acid/ 
85% deionized water (v/v/v) 
一、， � （ii) Oxidizer 
Ten-fold dilution of the oxidizer 
concentrate stock (Bio-rad silver stain 
kit) with deionized water (v/v). 
Solution was freshly prepared on the day 
for use. 
(iii)Silver reagent 
Ten-fold dilution of the silver reagent 
concentrate stock (Bio-rad silver stain 
^ kit) with deionized water (v/v). 
Solution was freshly prepared on the day 
for use. 
(iv) Developer 
32 g of developer powder (Bio-rad silver 
stain kit) was dissolved with 1 litre of 
deionized water with constant stirring. 
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/ Solution can be stored at room temperature 
for one month. 
(V) Stopping agent 
5% acetic acid/ 95% deionized water (v/v) 
(vi) Staining procedure * 
Fixative A (400 ml) 30 min. 
Fixative B (400 ml) 15 min. 
Fixative B (400 ml) 15 min. 
Oxidizer (200 ml) 5 min. 
Deionized water(400 ml) 5 min. 
Deionized water(400 ml) 5 min. 
Silver reagent (200 ml) 20 min. 
Deionized water(400 ml) 1 min. 
Developer (200 ml) ** 
Stopping agent (400 ml) 5 rain. 
* Constant gentle shaking is carried out 
^ during the staining process. 
** Developed until solution turns yellow or 
until brown "smoky" precipitates appear. 
Developer was poured off and fresh 
developer added and developed until desired 
intensity of stain is reached. 
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2-8 JTwo Dimensional Slab Gel Electrophoresis 
(Isoelectrofocusing) ( O'Farrell P.H., 1975) 
2.8.1 Equipment� 
(The Bio-rad Mini-protean II 2-D cell was used in the 
present procedure) 
a) tube cell module 
b) sample reservoirs and stoppers 
c) sample reservoir/ capillary tube connectors 
—g d) capillary tubes with casting tubes 
e) tube gel ejector 
f ) Mini-protean II slab cell with inner cooling core 
and gaskets 
g) lid with power cables 
h) 2-D combs with 1 standard well 
i) 1.Omm thick spacers 
j) casting stand with gaskets . 
2.8.2 ^ Chemicals: 
1) Solutions for first dimension 
1. First dimension acrylamide stock solution 
28.38 g acrylamide and 1.62 g N，N'-Bis-
methylene-acrylamide were weighed and made 
to 100 ml with distilled water. The mixture 
was filtered and stored at 4�C in the dark. 
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, (Shelf life was approximately 60 days.) 
2. 10% Triton X-100 stock (w/v) solution 
10 g Triton X-100 detergent was added to a 
total volume of 100 ml with distilled water. 
Amberlite (MB-1) monobed resin (Sigma) was 
added and gently stirred overnight with 
magnetic stirrer for deionization of the 
solution. 
3. First dimension sample buffer 
9.5 M urea 5.7 g 
2.0% Triton X-100 2.0 ml lOX Triton X-100 stock 
5% B-mercaptoethanol 0.5 ml 
Ampholine 3 . 5-10 400 \il 
Ampholine 5-7 100 jil 
^ The mixture was placed in a warm bath no 
hotter than 45�C to dissolve the urea and 
diluted to 10 ml with distilled water. The 
final solution was aliquoted into 0.5 ml 
. volumes in Eppendorf tubes and stored at 
-TCC. 
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厂 .4. First dimension sample overlay buffer 
9M urea 5,41 g 
Ampholine 3 . 5-10 400 iil 
Ampholine 5-7 100 jil 
bromophenol blue 500 ill of a 0.05X (w/v)broiEophenol 
blue stock solution 
‘ The mixture was placed in a warm bath no 
hotter than 45�C to dissolve the urea and 
diluted to 10 ml with distilled water. The 
final solution was aliquoted into 0.5 ml 
volumes in Eppendorf tubes and stored at 
5 • Upper chamber buffer 
0.2 g sodium hydroxide (NaOH) was dissolved 
‘ in 250 ml distilled water to give a final 
concentration of 20 mM and degassed 
thoroughly for 30 minutes. 
6. Lower chamber buffer 
1.36 ml concentrated phosphoric acid (H^ PO^  ) 
was diluted in 2 litres of distilled water 
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‘ to give a final concentration of 10 mM and 
degassed thoroughly for 30 minutes. 
7. First dimension gel monomer solution 
9.2M urea 5.5 g 
4% acrylamide 1.33 ml first dimension 
acrylamide stock 
20% Triton X-100 2.0 ml 10% Triton X-100 
1.6% Ampholine 0 . 4 ml Ampholine 3.5-10 
‘ 3.5-10 
0.4% Ampholine 0•1 ml Ampholine 5-7 
5-7 
0.1% ammonium 10 pi 10% ammonium 
persulfate persulfate(freshly prepared) 
0.1% TEMED 10 111 TEMED 
All the ingredients except the last two were 
^ mixed by wanning the vessel in warm water 
(S45�C) with swirling. The solution was 
degassed thoroughly for 15 minutes before 
adding the last two chemicals. The final 
solutions was .casted as tube gels. 
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2,) Solution for second dimension 
SDS sample equilibration buffer 
12.5 ml 0.5M Tris/HCl pH 6.8 (final=0.625M), 23 
ml 10% (w/v) SDS (final=%) , 5 ml B-
mercaptoethanol, 8 ml glycerol, 2.5 ml 0.05% 
(w/v) stock solution were added to 49 ml 
distilled water to make a final volume of 100 ml. 
2.8.3 Procedure: 
1) Preparation of the first dimension 
(Casting the tube gels) 
One end of the casting tube was sealed with 
several layers of Parafilm laboratory film. The 
‘ casting tube was filled with capillary gel tubes 
so that the blue stripped ends of the gel tubes 
are at the open end of the casting tube. The 
capillary gel tubes were kept as vertical as 
^ possible. 
A syringe was filled with the first 
dimension gel monomer solution. A needle was then 
attached to the syringe and monomer solution was 
delivered to the casting tube with the tip of the 
needle below the tops of the capillary tubes. The 
monomer solution was allowed to fill the 
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^ capillary tubes from the bottom until three 
quarter of the lengths of the capillary tubes are 
casted. 
The casting tube was rested in vertical 
position until the monomer polymerized. The 
casted capillary tubes were then carefully 
removed from the casting tube and the excess 
acrylamide on the outer surfaces of the capillary 
tubes wiped off. Tubes containing any bubbles 
-? “ were discarded. The usable ones were stored in a 
close container at 
2) Running the first dimension 
Capillary gel tubes were inserted with 
connectors and fixed into the tube adaptor by 
means of the sample reservoirs while stoppers 
were inserted into the unfilled or tapered holes 
of the tube adaptor. The entire tube adaptor was 
< then placed inside the buffer chamber. 
The lower chamber was filled with the lower 
chamber buffer electrolyte. The maximum buffer 
level should be no higher than two-thirds of the 
length of the capillary tubes. The upper chamber 
and the sample reservoirs were filled with upper 
chamber buffer electrolyte. The bottom of the 
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J capillary tubes were checked to ensure no bubbles 
were trapped. 
An equal volume of first dimension sample 
buffer was added to the sample. After incubating 
the mixture for 10 to 15 minutes, the sample 
mixture was delivered into the meniscus of the 
capillary gel by means of a 10 yl Hamilton 
syringe. This was immediately followed by 
overlaying an equal volume of overlay buffer. 
- ‘ Power cables were connected and the unit was 
run at 500 V for 10 minutes followed by a voltage 
of 750 V for 3 hours. 
3) Preparation of the second dimension 
The second dimension slab gels (1.0 mm 
thick) was prepared while the first dimension 
tube gels were running. The mini slab gels were 
prepared according to the directions described in 
^ Section 2.7, it should be noted that the volume 
of a single mini-slab gel (1.0 mm thick) is no 
more than 10 ml. 2-D combs with one standard well 
was used instead of the 1-D combs. 
After the first dimension run, the power was 
turned off and the cables disconnected. The tubes 
were removed from the connectors and sample 
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reservoirs. Using the tube gel ejector and a 1.0 
ml syringe, the tube gel was extruded onto a 
Parafilm laboratory film. After wetting with SDS 
sample equilibration buffer, the tube gel was 
carefully positioned lengthwise onto the surface 
of the slab gel. 
100 V was applied to the slab gel until the 
dye front migrated to within 3-4 mm of the bottom 
the mini-gel. The slab gel was carefully removed 
from the slab gel plates and proceeded to the 
staining procedures as described in Section 
2.7.5. 
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2.9 Production of Rabbit Polyclonal Antibodies against 
Isolated Stroke Protein 
2.9.1 Isolation of stroke protein band from SDS-PAGE slab 
gel 
After identification of the approximate 
molecular weight of the 'stroke protein', a 3mm thick 
preparative SDS-PAGE slab gel was prepared. To 
facilitate the monitoring of molecular weight, a 
prestained "Rainbow" protein molecular weight marker 
(Amersham, U.K. ) was used. After the dye front had 
migrated to within 1-2 cm of the bottom of the gel, 
the gel was removed and the section of the gel 
corresponding to the stroke protein band (identified 
with the aid of prestained molecular weight markers) 
was cut and stored temporarily at 4�C for subsequent 
extraction. 
Gel sections were homogenized in IX PBS (1:10, 
w/v) 
using a homogenizer polytron. The resulting 
mixture was stirred over a magnetic stirrer overnight 
at 4�C, after which it was subjected to 
centrifugation at 8000 rpm at 4�C for 30 minutes to 
spin down the crushed gel. The supernatant was 
applied onto a Sepharose G-10 column to remove salt 
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and small impurities. The eluent was concentrated 
twenty-fold using an Amicon PM 10 membrane. The 
concentrated protein solution was aliquoted and 
freezed at -20�C. To test for the presence of stroke 
protein inside the protein solution prepared, an 
aliquot was lyophilyzed and applied to a 0.75mm thick 
Mini-SDS-PAGE slab gel. Subsequent staining and 
destaining procedures were carried out as mentioned 
in Section 2.7.5. 
’ . … ^ - a-
2.9.2 Production of Anti-stroke protein serum in rabbits 
After verification of the protein bands, a 1 ml 
aliquot of the extracted proteins was mixed with 1.25 
ml of Freud�s Complete Adjuvant. The mixture was 
subcutaneously injected into two female rabbits at 
multiple sites on the back. After two weeks, a 
booster dose of the antigen prepared with Freud^s 
‘Incomplete Adjuvant was administered. This procedure 
was repeated after another two weeks. Three days 
after the last injection, venous blood was drawn from 
the ears of the rabbits. The sera obtained were 
stored at 4�C and were examined for their antibody 
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Western Blotting Method 
Reagents 
1 ) PBST 
0.05% (v/v) Tween in 1X PBS 
2) PBSTM 
0.05% (v/v) Tween and 3% (w/v) milk in 1X PBS 
3) Anti-serum (First antibody) 
4 ) 
200X dilution of anti-stroke protein serum in 
PBSTM with 0.01% (w/v) Thimersal 
Second Antibody 
2000X dilution of EIA grade affinity purified 
goat anti-rabbit IgG alkaline phosphatase 
conjugate Bio-Rad) 
5) 0.15 M Barbital acetate, pH 9.4 
6) Staining Solution 
a) 5-Bromo-4-chloro-3-indolyl phosphate in 
dimethyl formamide (5 mg/ml) 
b) Nitro blue tetrazolium in 0.15 M barbital 
. acetate, pH 9.4 (lmg/ml), filter before 
use. 
c) 2 M MgC12 
The staining solution was prepared fresh on 
the day before use in the ratio of a:b:c = 
5:50:1 (v/v/v) 
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7) Transfer buffer 
48 mM Tris solution, 39 mM glycine solution, and 
20% methanol (v/v) and 0.0375% SDS adjusted to 
pH 8.65. 
2.10.2 Procedures 
1) SDS-PAGE slab gel electrophoresis 
Gerbil stroke brain protein samples and sham-
operated gerbil brain protein samples were 
�� applied to a 1.5 mm gel and subjected to SDS 
PAGE electrophoresis using the Laemmeli system 
described in 2.7. 
2) Electroblotting 
i) A piece of nitrocellulose paper was boiled in 
distilled water until all bubbles were removed. 
ii) Three sheets of Whatman 3mm filter paper were 
wetted with transfer buffer and put on top of 
^ the electroblotter. 
iii) The nitrocellulose paper was put on top of the 
filter paper, bubbles were removed with a glass 
rod. 
iv) The SDS PAGE gel from 1) was removed from the 
electrophoretic set up and carefully layered on 
top of the nitrocellulose paper. 
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V) Two sheets of transfer buffer wetted Whatman 3mm 
filter paper were put on top of the gel. 
vi) Current was applied at 0.8 mA/cm^ of gel for 1.5 
hours. 
3) Staining 
i) The nitrocellulose paper was washed with PBSTM 
for 1 hour. 
ii) The paper was transferred to the first antibody 
- � � 、 
solution for an overnight incubation at 4�C. 
iii) The paper was washed three times with PBST, 
followed by incubation with second antibody for 
two hours at room temperature. 
iv) The paper was then washed five times with PBST, 
followed by a wash with 0.15 M barbital acetate. 
V) The paper was finally transferred to the 
staining solution and gently rocked for 10 to 30 
minutes until purple coloration appeared. 
2.11 Extraction of Total cellular RNA by Lithium Chloride 
Method 
(Feramisco J.R., Helfman D.M., Smart Burridge K•，et 
al., 1982) 
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2.11.1 Reagents 
1) Lysis buffer 
5M guanidine thiocyante in 50 mM Tris-HCl, pH 
7.5, 10 mM EDTA filtered through 0.45 uM 
membrane filter, 8% beta-mercaptoethanol (v/v) 
was added before use. 
2) RNA solubilization buffer 
0.1% SDS, 1 mM EDTA, 10 mM Tris-HCl, pH 7.5. 
Mixture was autoclaved before use. 
- 3 ) Lithium chloride solutions 
4M LiCl 
3M LiCl 
Solutions were autoclaved before use. 
4) 3 M sodium acetate pH 5.5 
Solution was autoclaved before use. 
5) 70% Ethanol 
6) Absolute Ethanol 
7) Phenol saturated with 1 mM EDTA, 50 raM Tris-
一 .HCl,pH 7.5. 
8) 4% isoamyl alcohol in chloroform.(v/v) 
9) Phenol-chloroform (1:1) (v/v) 
10) 7.5 M ammounium acetate solution 
Solution was filtered through 0,45 uM membrane 
filter before use. 
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2•11•2 Procedures 
Seven millilitres of lysis buffer was added to 
one gram brain tissue. Homogenization was carried out 
with a polytron blender. Three millilitres of 
homogenate was transferred to seven volumes of 4 M 
lithium chloride solution. After the mixture was 
incubated at 4�C for 15 to 20 hours, it was 
centrifuged at 8000 rpm for 90 minutes at 4�C. The 
RNA pellet was resuspended in 7 ml of 3 M lithium 
” chloride with D-dithiothreitol (made to 1 mM) and 
vanadium ribonucleoside complex (VRC) (made to 200 
mM). The suspension was centrifuged at 4�C for one 
hour at 8000 rpm. The supernatant was discarded and 
the RNA pellet was suspended in solubilization buffer 
(5 ml per gram tissue) for 45 minutes at room 
temperature. To ensure efficient extraction, the 
pellet was vortexed for 20 seconds at 10 minutes 
intervals during thawing. 
^ The mixture was then extracted twice with an 
equal volume of Tris saturated phenol, followed once 
by phenol-chloroform and finally twice with 
chloroform-isoamyl alcohol. 
A half volume of 7.5M ammonium acetate and 2.2 
volumes of absolute ethanol were added and the 
mixture was incubated overnight at -20°C. The mixture 
Chapter Two /85 
was then centrifuged at 10000 rpm at - I C C for 20 
minutes. The RNA pellet was rinsed with 70% ethanol. 
The purity of the extracted RNA was checked and 
stored at -20"'C in 70% ethanol, 
2.11.3 Checking the Purity of the Extracted RNA 
The yield and the purity of the extracted RNA 
can be obtained by ultraviolet spectrophotometry set 
at 260 nm and 280 nm. 
Yield of RNA = OD^� x 40 x dilution factor (pg) 
Purity Index of RNA = ODogQ( sample ) 一 OP^ gQ (blank) 
OD28q( sample ) - OD^ gQ (blank) 
2.12 Purification of mRNA 
2.12.1 Reagents 
1) Oligo(dT)-cellulose type 7 
(Pharmacia) 
2) Binding buffer 
lOmM Tris-HCl (pH 7.5) 
ImM EDTA 
0.5 M NaCl 
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3) lOX TE buffer 
lOOmM Tris-HCl (pH 7.5) 
lOOmM EDTA 
4) 5M NaCl 
5) Washing buffer 
lOmM Tris-HCl (pH 7.5) 
ImM EDTA 
0.1 M NaCl 
6) Elution buffer 
lOmM Tris-HCl 
ImM EDTA 
7) 3 M NaOAc 
8) Absolute ethanol 
2.12.2 Procedure 
••1 g of oligo(dT)-cellulose powder was weighed 
and equilibrated in water. Column was packed in 2 ml 
syringes with siliconized glass wool (about 0.5 ml 
^ pack volume/column). Packed column was washed with 
double distilled water for 10 bed volumes, followed 
by binding buffer for not less than five bed volumes. 
Total RNA samples obtained in Section 2.10. was 
dissolved in double distilled water (0.5 ml/0.1 mg 
RNA) and 50 pi lOX TE buffer. The sample was heated 
at 65�C for 2 minutes. Before applying to column, the 
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sample was cooled and added to 50 \il 5M NaCl and 0.5 
ml binding buffer. The eluted fractions were 
collected and reheated at 65�C for 1 minute before 
reapplying to column. This process was repeated two 
times • The column was then washed with 2 • 5 ml binding 
buffer and an equal volume of washing buffer. The 
eluted fraction was rRNA. Poly(A)+ RNA was eluted by 
2 ml of elution buffer followed by 0.1 ml 3M NaOAc 
and two times of 2.5 ml absolute ethanol. The mRNA 
thus obtained was stored in 一 
2.13 Verification of Purity of mRNA 
2.13.1 Reagent 
i) 5X Gel Running Buffer 
--••I M MOPS, 50 mM sodium acetate,pH 7.0, 5 mM 
EDTA 
ii) 1% Agarose Gel 
—0.36 g of 
agarose (BioRad) was dissolved, in 
18•6 ml distilled water, 6 ml of 5X gel running 
buffer, 5.36 ml 35-40% formaldehyde to make up 
a final volume of 30 ml, which is enough for ae 
gel. 
iii) mRNA sample 
--4.5 /il of RNA containing 1-20 ug RNA, was 
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added 2 of 5X gel running buffer, 3 • 5 � 1 
formaldehyde and 10 jul formamide. 
iv) Sample loading dye 
--50% glycerol , 1 mM EDTA, pH 8.0 
V) Staining solutions 
——0.1 M ammonium acetate 
--Ethidium bromide (10 jig/ml (w/v) ) in double 
distilled water. 
2.13.2 Procedure 
The agarose gel was prepared and while waiting for 
setting, sample was prepared as in iii), heated at 
55 for 15 minutes. Two jal of sample loading dye was 
added just before application of the sample to the 
gel. 
Running conditions were set at 70 to 100 volts for 2 
hours in IX gel running buffer or until dye front 
migrates to end of gel. 
•O-
The gel was washed in 0•1 M ammonium acetate for 2 to 
3 hours and then stained with ethidium bromide for 
one hour. The electrophoretic pattern of the mRNA was 
viewed under a ultraviolet light transluminator• 
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2.14 Translation of gerbil brain mRNA in Reticulocyte 
Lysates and Analysis of its Product by SDS-
Polyacrylamide Gel Electrophoresis 
2.14.1 Reagents 
1. Stroke gerbil midbrains and sham-operated gerbil 
midbrains for mRNA extraction. 
2. mRNA from Tobacco Mosaic Virus (TMV).(N. 149) 
(Amersham) as positive control. 
3. Rabbit reticulocyte lysate (Amersham) 
4. S-35 methionine (Amersham). 
5. Decolorizing solution: 100 mg DL-methionine and 
5 ml 30% H2O2 in 100 ml NaOH. Should be freshly 
prepared before use. 
6. 25% and 10% trichloroacetic acid (w/v) in 
distilled water. 
7. BSA carrier solution: 1% BSA (w/v) in 0,9% (w/v) 
saline. 
喊 、 
8. Liquid scintillant. 
9. Developer and fixer for autoradiographic film. 
2.14.2 Procedures 
20 of reticulocyte lysate was used to react 
with 2 jal of mRNA samples. In this experiment, apart 
from the stroke brain mRNA and the control brain mRNA 
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samples, tobacco mosaic virus mRNA was also used as 
a positive control, while the same volume of 
distilled water was used as negative control. 
2 � 1 of S-35-methionine was added to the assay 
mixture and incubated at 30�C for one hour. 2 jjlI of 
the mixture were removed‘ The rest of the mixture 
were stored at -20�C for later use. To the aliquoted 
mixture, 1 ml distilled water was added for dilution, 
followed by 100 jul BSA carrier and 0.5 ml 
—' decolorizing solution. The mixture was incubated at 
room temperature until the red coloration 
disappeared. 
Two millilitres of cold 25% trichloroacetic acid 
was squirted into each tube. The mixture was 
incubated on ice for 15 minutes after which contents 
were filtered through prewetted glass fibre filter 
paper (GFC, Whatman). The tube was rinsed twice with 
2 ml of 10% trichloroacetic acid. 
4 � The filters were dried under an infrared lamp 
and then transferred to liquid scintillation vials 
for counting. 
When the sample showed an incorporation rate of 
at least five to six fold over the negative control, 
demonstrating a successful translation, SDS PAGE 
analysis was implemented. 
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From the reaction mixture saved earlier, 10 
was transferred to 40 jal of sample buffer. SDS-
polyacrylamide gel electrophoresis was carried out as 
described in Section 2.7. 
The gel was stained and destained as described 
in Section 2.7.5 , afterwards the gel was dried 
between cellophane. The dried gel is autoradiographed 
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\ 
E s t a t o l i s s h m e n t o f 
a n a n i m a l s t r o k e m o d e l 
3 • 1 Foreword 
In this part of the study, an animal stroke 
model using gerbils {Meriones uniguiculatus) is to be 
established. Such a model had already been in use 
for evaluating therapeutic treatments (Ho W.K.K., Wen 
H.L•，Lee C.M •，1989) . Various methods were used to 
assess the reproducibility and reliability of the 
model. These include observations of symptoms and 
behavior aspects, survival curve and macroscopic 
histologic analysis of brain sections. 
3.2 Preliminary studies 
3.2.1 Introduction 
Gerbils were first subjected to anesthesia and 
underwent left common carotid artery ligation to 
induce ipsilateral cerebral ischemia as described in 
Section 2.3. Observations were made starting from 
one hour after ligation. The mortality rate and 
frequency of stroke symptoms were recorded. . 
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3.2.2 Results 
Table 3.1 
Comparison of gender difference on the incidence of 
stroke in Mongolian gerbils 
Sex % mortality % showing signs 
of stroke 
Male 30.83 ± 4.32 34.67 ± 3.56 
Female 27.78 ± 3.21 35,01 ± 5.11 
Left common carotid artery ligation was 
undertaken to induce ipsilateral cerebral 
ischemia in 210 Mongolian gerbils (110 male 
and 90 female adult gerbils). Percentage of 
mortality was determined from animals died 
with evident stroke signs on or before Day 
4. Percentage showing signs of stroke was 
defined as gerbils exhibiting stroke index 
greater than 8.0. Results were obtained as 
mean ± SD of 20 independent experiments, 10 
gerbils per group. 
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Table 3.2 
Comparison of the time of day of operation on the 
incidence of stroke 
Time interval n % mortality %showing signs 
of stroke 
0 9 0 0 - 1 3 0 0 9 0 3 2 . 5 0 土 6 , 3 2 ' 3 6 . 1 1 ± 4 . 2 0 
一 、 1 3 0 0 一 1 7 0 0 3 0 2 8 . 3 0 土 4 . 7 8 3 1 . 6 4 土 3 , 2 3 
1 7 0 0 — 2 1 0 0 3 0 3 1 . 6 7 土 5 * 4 1 3 5 . 7 6 ± 2 . 6 0 
Left common carotid artery ligation was 
undertaken to induce ipsilateral cerebral 
ischemia in 150 Mongolian gerbils. 
Percentage of mortality was determined from 
animals with evident stroke signs on or 
一- before Day 4. Percentage showing signs of 
stroke was defined as gerbils exhibiting 
stroke index > 8.0. Results were obtained 
as mean � SD of 15 independent experiments 
each involving 10 gerbils, where n is the 
number of gerbils experimented under each 
category. 
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% 
The percentage of mortality of male and female 
gerbils susceptible to cerebral ischemia induced by 
ligation of the left common carotid artery were 
similar. (Table 3.1). Approximately 30% of the 
animals died within 4 days and 35% of them showed 
signs of stroke. 
Since animals usually adopt a circadian rhythm 
with respect to their metabolism and secretion of 
- - � endocrine hormones, it is of interest to determine if 
the mortality rate varies with the time of surgery. 
From the results presented in Table 3.2, it can be 
seen that there was no significant difference in 
either mortality rate or percentage of animals 
afflicted with stroke symptoms whether the surgery 
was performed in the morning, afternoon or at night. 
(Paired t-test, P>0.05 ). 
< 、 
Chapter Three /96 
3.2.3 Discussion 
Combining results from Table 3.1 and 3.2, it can 
be concluded that gender difference can be ruled out 
as a factor in deciding the susceptibility of gerbils 
to surgical induction of cerebral ischemia by means 
of left common carotid artery occlusion. Similarly, 
time of operation during the day is also not a factor 
of susceptibility to stroke in gerbils. Hence the 
--incidence of cerebral infarction could not be related 
to the sex of the animal nor to the time of day when 
the operation is implemented. On the other hand, for 
ease of manipulation and recording, all other 
ligations mentioned hereafter was carried out during 
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3.3 Survival Rate Analysis 
3.3.1 Introduction 
Although the Mongolian gerbil (Meriones 
unguiculatus) possesses the unique characteristic of 
being susceptible to induction of unilateral 
hemispheric infarction by ligating a single common 
carotid artery, nonetheless, not all of them can be 
afflicted by this procedure. Genetic factors vary 
among different animals and some still possess 
collateral circulation which renders the rate of 
successful induction to fall below 30%. In this 
section, we traced the number of gerbils surviving 
after the induction of ischemia over a period of four 
days. 
tf 
Chapter Three /98 
3.3.2 Result 
• ^  
Fig. 3.1 shows the survival curve of a total of 
420 gerbils. Observations were made at 1, 3， 6, 12, 
24 hours post ligation. A steady drop in survival 
rate occurred within the first 6 hours (from 9 7.86% 
to 96.42%) , followed by a more abrupt drop from 6 
hours to 24 hours (from 96.42% to 72.62%). In the 
following three four days, survival rate was observed 
� t o drop, but in a slower manner (Fig. 3.2). In this 
set of experiments, less than 3% of gerbils died 
secondary to anesthesia. None of the animals that 
underwent sham procedures died. 
Fig. 3.3 revealed the survival curve of another 
set of 60 adult gerbils with their left common 
carotid artery ligated. Observations were made every 
12 hours post ligation for 6 consecutive days. Beyond 
,Day 4, only 1 animal died. All deaths recorded 
occurred before Day 4, with the maximal rate in the 
first 24 hours (9 and 8 deaths were reported in the 
first and second 12 hours, respectively). No animal 
died during operation in this set of experiment. 
I 
I f 
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Fig. 3.1 Survival curve of 420 adult Mongolian gerbils with left 
common carotid artery ligated to induce ipsilateral 
“ cerebral infarction. Observations were made at predefined 
time intervals post ligation (1，3，6, 12，24 hours 
respectively). Results were mean ± SD of 42 independent 
experiments each involving 10 gerbils per group. Dotted 
line represents survival rate of 60 sham-operated gerbils. 
1 
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Fig. 3.2 Survival curve of 420 adult Mongolian gerbils (set 
( 、 identical to Fig. 3,1) with left common carotid artery 
ligated to induce ipsilateral cerebral infarction. Statistics 
were taken at the end of every 24 hour post ligation. 
Results were mean ± SD of 42 independent experiments 
each involving 10 gerbils per group. Dotted line 
represents survival rate of 60 sham-operated gerbils. 
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Fig^. 3 • 3 Survival curve of 60 adult gerbils with their left common 
carotid artery ligated. Observations were made every 12 
hours post ligation for 6 consecutive days. 
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3•3•3 Discussion 
This experiment verifies the susceptibility of 
Mongolian gerbils to fatal cerebral ischemia induced 
by left common carotid artery ligation. Mortality 
rate was found to be around 30%. Since almost all 
deaths occurred within 96 hours post ligation, in 
later studies, unless stated otherwise, gerbils were 
sacrificed at 96 hours post ligation, regardless of 
一，stroke conditions, to allow for more uniform 
manipulation of data. 
� � 
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3.4 Neurologic signs of ischemia 
(Use of stroke index to assess the degree of 
infarction in gerbils) 
3.4.1 Introduction 
As mentioned in the introduction, gerbils are 
small and cute rodents. Their docility and gentleness 
make them ideal rodents to handle. 
Before the experiment, gerbils were kept inside 
the laboratory for initial evaluation and 
stabilization. Food and water were given ad libitum. 
The behavior of normal gerbils was observed to 
be exceptionally alert and responsive. A particularly 
noticeable feature is their habitual upright position 
and their readiness to response to environmental 
stimuli • On the whole, they can be described as 
restless. 
^ � Upon regaining consciousness after surgery, it 
was noticed that a number of gerbils deviated from 
their usual patterns of behavior and exhibited a few 
conspicuous signs. The commonest of these signs 
being the ptosis (drooping of one or both eyelids), 
drowsiness, lack of alertness, hemiparesis, paucity 
of movement, circling behavior, splayed out hind 
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limb, asymmetry in the extension of digits. Other 
signs which include torsion of the head resulting in 
cocked head, malaise as manifested by piloerection 
and tremor, seizure, convulsion and comatose can also 
be observed in severe cases. Death usually follows 
when these signs were observed. 
The symptoms mentioned above have also been 
observed by other research groups (Kahn K•， 1972; 
McGraw C.P., 1977; Ohno K., Ito U., Inaba Y., 1984; 
一 Matsumoto M., Hatakeyama T., Akai F., Brengman J.M•， 
Yanagihara T. , 1988) . McGraw C.P. was the one who 
first assigned numerical weights on neurologic 
symptoms most commonly found in gerbils (McGraw C.P.， 
1977). These scores were used to calculate the 
stroke index in the present study (see Section 
2.4.2). 
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3.4.2 Result 
• 
After the successful induction of stroke, the 
most prominent characteristic demonstrated by most 
animals is the lack of inquisitiveness and alertness 
to stimuli. Moreover, most of the animals exhibited 
a circling behavior to the left (anti-clockwise), 
although a few (6 gerbils in a total of 420 gerbils) 
may circle clockwise. 
Post mortem analysis indicated the infarction was in 
the left hemisphere of both groups. Of the 10 animals 
with right common carotid artery ligated, 1 developed 
stroke symptoms, and circled to the right. The 
diameter of circling became progressively smaller 
f 
until the animals finally rotated around the axis of 
their own bodies. 
Ptosis was one of the initial symptoms observed 
after the animals regained consciousness. Ptosis was 
^ observed in the left eye if left common carotid 
artery was ligated and on the right eye if the right 
common carotid artery was ligated. 
It is interesting to note that occurrence of 
ptosis may not lead to more severe stroke symptoms. 
Some animals manifested ptosis in one eye seldom 
sustain histological signs of cerebral infarction. 
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Staining with 2,3,5-triphenyltetrazolium chloride 
• k. 
indicated both hemispheres of the brain to be normal. 
Animals surviving after Day 4, though developed mild 
stroke symptoms, never lapsed into more severe 
symptoms such as convulsions or comatose. 
Comatose is a good indication on the severity of 
infarction and it usually occurred directly before 
death. However, it must be noted that coma 
conditions do not necessarily have to take place 
prior to death. 
175 adult gerbils undertook CCA ligation to 
induce unilateral cerebral ischemia. The stroke index 
was recorded from individual gerbils at an hourly 
basis. The mean stroke index of those which develop 
severe stroke symptoms and died of infarction were 
calculated with respect to the time of observation 
(Fig. 3.4). It was discovered that stroke index 
increased progressively with time in a steady manner. 
20 gerbils were sham-ope rated at the same time where 
none showed any signs of stroke. 
Fig. 3.5 and 3.6 display the percentage of 
gerbils showing signs of ischemia (definitions of 
signs is based on stroke index) at different time 
intervals post ligation. It can be observed from the 
graph that the number of gerbils that exhibit signs 
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of ischemia dropped sharply at the 6-hour point. This 
observation is consistent with the survival curve 
from which the results are based. Survival rate is 
also observed to drop suddenly from 6 hours onwards 
as shown on Fig. 3.3. At Day 4 post ligation, 18.3% 
of the surviving gerbils were found to be showing 
ischemic signs, but were not dying. These gerbils 
were found to be surviving after Day 4 and were 
observed to be recovering from signs of ischemia. 
This group was found to have mild symptoms (i.e. with 
a low stroke index) initially after ligation. Most of 
these animals exhibit ptosis and circling motion 
initially but did not develop severe stroke symptoms 
thereafter. 
� 
Chapter Three /108 
I I i 1 r 1 1 1 1 = 
40 -
_ 3 5 - „ 
. 3 � - y -
1 2 5 - Z 丄 一 
M 20 - -
2 / 
“ 左 1 5 - X 丄 -
10 - T / I 
0 I 1 1 1 1 I I I I 
0 3 6 9 1 2 1 5 1 8 2 1 2 4 2 7 3 0 
. J . 
Hours after ligation 
Fig. 3.4 Graph showing mean stroke index in adult gerbils with 
cerebral infarction induced by left common carotid artery 
( 、 ligation. Observations were made at pre-defined time 
intervals (1，3，6，12, 24 hours) post ligation. Results 
were taken as mean 土 standard deviation of 51 confirmed 
infareted gerbils (set identical to FIGURE 3*7). 
/ 
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Fig • 3 . 5 Graph showing percentage of surviving gerbils showing 
signs of ischemia after unilateral common carotid artery 
、 ligation to induce cerebral ischemia. Observations were 
made at pre-defined time intervals (1，3，6，12，24 hours) 
post ligation. Results were mean ± SD of 42 independent 
experiments (each involving 10 gerbils per group). 
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Fig. 3.6 Graph showing percentage of surviving gerbils showing 
^ signs of ischemia after unilateral common carotid artery 
ligation to induce cerebral ischemia. Statistics were taken 
every 24 hours post ligation* Results were mean ± SD of 
42 independent experiments (each involving 10 gerbils per 
group). 
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3.4.3 Discussion 
Stroke index is a good method to differentiate 
infarcted gerbils from the non-infarcted ones. The 
higher the neurologic score, the more deadlier the 
symptoms are. A high stroke index usually indicates 
severe infarction, which ultimately will lead to 
death. The major drawback of the scoring system is 
the observation of ptosis, which in the present 
--study, did not have a directive and indicative 
correlation with cerebral infarction. Many animals 
which developed ptosis did not develop additional 
more severe symptoms of stroke. Nonetheless, the 
stroke index was a good criteria to ascertain the 
degree of damage the animal was suffering. 
� � 
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3.5 Ocular Fundus Examination 
3.5.1 Introduction 
Funduscopic examination can provide clues to the 
intracranial vascular conditions. The ophthalmic 
artery is situated between the internal carotid 
artery and the retinal artery. Branches of the 
ophthalmic artery include the central retina, 
一 ， l a p r i m a l , posterior ciliary, supraorbital, medial 
palpebral, supratrochlear and dorsal nasal arteries. 
The central retinal artery enters via the optic nerve 
and supplies two-third of the retina. The retinal 
arterioles form capillary networks on the superficial 
ganglion cell layers as well as the deeper and inner 
nuclear layer of the retina (Till J.S., 1984). 
Hence, inspection of the state of the retinal 
arterioles reflects the degree of damage in the 
^ cerebral vasculature. Collapse of the ophthalmic 
artery may result in the impairment of vision. 
Investigations on the predictive nature of retinal 
�•• artery occlusion on carotid artery disorders in 
human (Merchut M.P. , Gupta S.R., Naheedy M.H., 1988； 
Sheng F.C., Quinones-Baldrich W. , Machleder H., et 
al, , 1986) and in animals such as gerbils (Delbarre 
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G. , Delbarre B. , Barrau Y. , 1988 ) have been reported. 
In this study, 1% atropine sulfate (w/v) was 
administered to both eyes of the gerbils to induce 
pupillary dilation. Close observations were made with 
an ophthalmoscope before ligation and approximately 
15 minutes after the operation. Those observed to 
have obstructed flow or no visible arterial pulsation 
in the ocular arteries were noted and isolated from 
those exhibiting negative results. The predictive 
value of the ophthalmic results was evaluated against 
stroke symptoms and mortality rate. 
^ 、 
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3.5.2 Result 
Table 3.3 
Group n ^ophthalmic #with #died x y 
positive • stroke symptoms 
3 0 9 9 9 1 0 0 1 0 0 
*2 27 10 10 10 100 100 
氺 3 2 8 8 8 7 1 0 0 8 7 . 5 
*4 30 8 . 8 8 100 100 
+ 5 2 1 0 3 0 1 4 . 3 0 
+ 6 1 7 0 1 0 5 . 9 0 
+ 7 20 0 0 0 0 0 
+ 8 2 2 0 3 1 1 3 . 6 4 . 5 
• 9 20 0 0 0 0 0 
* Four groups (Group 1-4) of adult gerbils underwent left common 
carotid artery ligation to induce ipsilateral cerebral ischemia, 
一 The number of gerbils in each group is denoted by n. 
+ ^ For Group 5-8, n denotes the number of opthalmic negative 
gerbils in Group 1-4’ that is，those gerbils in Group 1-4 which 
did not show any signs of reduced blood flow in their 
ophthalmic arteries, 
• Data in Group 9 were collected from 20 sham-operated gerbils. 
/ 
X is the percentage of ophthalmic positive gerbils exhibiting 
neurologic signs of stroke ； where y is the percentage of 
ophthalmic positive gerbils died from stroke. None of the 
gerbils used in this study exhibited reduced blood flow in the 
ophthalmic arteries before surgical ligation. 
Chapter Three /115 
- I t is noteworthy to point out that the gerbils 
which exhibited a deficit in ophthalmic arterial 
blood flow were the same as those exhibiting 
neurologic signs of ischemia as well as those which 
died from cerebral ischemia. Moreover, all gerbils 
diagnosed to have obstruction of ocular blood flow 
and narrowed retinal arteries tended to develop 
complicated symptoms and eventually died (except in 
Group 3, where one gerbil later recovered from all 
� 1 the symptoms, including regaining an unobstructed 
flow). On the other hand, in animals whose 
ophthalmic arteries were not obstructed, only a small 
percentage did showed certain stroke symptoms (Groups 
5,6,8). Only one gerbil from these groups died. 
(Group 8) The development of stroke in the 
ophthalmic negative gerbils are rare in view of these 
results. Sham-operated gerbils, as expected, did not 
develop any stroke related symptoms and gave negative 
< results on ocular fundus examination. (Group 9). 
/ 
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3.5.3 Discussion 
Based on the data presented in Table 3.3, it 
could be concluded that examination of the ocular 
fundus is a reliable method to select the ，sensitive, 
gerbils against the ,non-sensitive， ones for closer 
observations. 
Since occlusion of the common carotid artery 
—'would result in obstruction of the blood flow in the 
ocular system, examination of the pressure difference 
between the left and right ophthalmic arteries 
(ophthalmodynamometry) is now a clinical routine for 
diagnosing carotid artery disease. Examination of 
the blood pressure on the eye has been proven useful 
in many situations involving cerebral disorders 
(Young L.H.Y. , Appen R.E. , 1981 ) . Usually the blood 
pressure of the affected side is found to be 
崎 significantly reduced and impaired when compared to 
the unaffected side (Weigelin E., 1964). 
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3.6 Inclined plane method 
3.6.1 Introduction 
Motor function deficit is a fundamental feature 
in the diagnosis of stroke in both human and 
experimental animals. The inclined plane model was 
first described by Rivlin in 1977, and it has been 
used to monitor drug effects on the motor dysfunction 
一， o f infarcted gerbils (Handa Nobuo, Matsumoto M., 
Kitagawa K. , Uehara A•，Ogawa S., Etani H. , Yoneda 
S. , 1988). The experimental set up used in the 
present study was constructed of transparent acrylic 
boards with an inclining plane movable as shown in 
Fig. 2.3 for monitoring motor activities of the 
gerbils. 
、 
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3.6.2 Result 
The angle (in degree) withstandable for each 
gerbil to transverse an inclined plane at least once 
within every 30 seconds was carefully recorded for a 
total of 175 gerbils (the animals used were the same 
ones as those used in Fig. 3.4) . The mean 
withstandable inclination angle of those gerbils 
which had developed severe stroke symptoms and died 
…—，of infarction was correlated with the time of 
observation and .shown in Fig. 3.7. The angle of 
inclination was observed to decrease with time. The 
average maximum angle withstandable for sham-operated 
gerbils after the operation was 3 1 . 1 6 7 。 土 1 . 4 ° . 
Fig. 3.8 illustrates the correlation of stroke 
index with angle of inclination withstandable by 
gerbils with cerebral infarction. The graph 
indicates a close negative correlation (r=-0.947) 
(between the two, showing that a smaller stroke index 
is correlated with a larger angle of inclination and 
vice versa. 
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Fig. 3.7 Graph illustrating angle of inclination withstandable in 
^ 、 adult gerbils with cerebral infarction induced by left 
common carotid artery ligation. Observations were made 
at pre-defined time intervals (1，3, 6，12, 24 hours) post 
ligation. Results were taken as mean ± standard deviation 
of 51 infarcted gerbils (as confirmed by a minimum stroke 
index of 8 at 24 hours post ligation) selected from 175 
gerbils which undertook the operation. 
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Fig. 3.8 Correlation of stroke index with the angle of inclination 
^ withstandable by gerbils with cerebral infarct* 
Observations were made on the 510 gerbils (described in 
Fig. 3.4 and Fig, 3.7). 
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3.6.3 Discussion 
In this experiment, although the angle of 
inclination plane method is a good indicator on 
neurological damage, it suffers from a serious 
drawback of not being able to evaluate animals in the 
comatose state. Thus, the correlation between a 
higher stroke index (>31) with the degree of 
inclination was impossible to obtain in these cases. 
The maximum angle scaled by our animals in the 
present study is found to be less than those reported 
by Handa's group (Handa N., Matsumato M., Kitayawa K. 
et al,, 1988). Their average was 44.1° 土 • This 
could be explained by the fact that in Handa's model, 
a rubber mat with ridges was fixed to the surface of 
the movable plane. This probably facilitates the 
holding of the gerbils onto the inclined plane. 
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3.7 H i s t o l o g i c e x a m i n a t i o n u s i n g 2,3,5-
triphenyltetrazolium chloride (TTC) as staining agent 
3.7.1 Introduction 
In order to identify and confirm the degree of 
ischemia in the infarct brain tissue, many 
histological stains have been tested and used. 
Hematoxolin eosin (H&E) and 2,3,5-tripheyltetrazolium 
— c h l o r i d e (TTC) are two of the commonest stains used 
(Benderson J.B. , Pitts L.H. , Germano S.M. , Nishinura 
M.C. , Davis R.L. and Bartkowski H.M. , 1986) . The 
former stain, however, is costly and more time-
consuming . I n addition, tissue shrinkage is common 
and the area of infarction can only be visualized at 
a longer period after the onset of ischemia (Siesjo 
B.K. , 1981). 
^ 2,3,5-triphenyltetrazoliuiii chloride was first 
synthesized in 1894 (von Pechman H. , Runge P. , 1894). 
This stain acts as a proton acceptor for many 
pyridine nucleotide-linked enzyme systems such as 
dehydrogenases which is abundant in normal tissues, 
but depleted in infarcted tissues. The resulting 
compound is fat-soluble, light sensitive and deep red 
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in colour. Hence the normal tissues would be stained 
deep red and can be clearly delineated from the 
infarcted tissue which has a white color. 
TTC has been used extensively to stain 
myocardial tissues obtained in dogs (Lie J. T., 
Parolero P.C., Holley K.E., Titus J.L., 1977; Klover 
R.A, , Darsee J.R. , DeBoer L.W.V. , Carlson N. , 1981), 
as well as the cerebral tissues in cats (Bose L.B., 
Jewell L. D. , Berry R. , 1984 ) and rats (Tamur A.， 
Graham K.I., McCullogh J. , Teasdale G.M., 1981). 
Three to six hours after common carotid artery 
occlusion, the border between normal and infarcted 
areas can be clearly delineated even before 
histologic signs of infarction become evident 
(Benderson J.B. , Pitts L.H. , Germano S.M., Nishimura 
M.C•， Davis R.L., Bartkowski H.M. ,1986). 
( In the present study, coronal brain slices for 
the sham-operated and common carotid artery ligated 
gerbils were obtained at selected time intervals 
after the operation and stained with TTC to confirm 
the successful induction of cerebral infarction. 
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3.7.2 Result 
For animals died of infarction , post mortem 
analysis usually reveals a significant infarcted 
hemisphere ipsilateral to the ligated artery (Fallon 
J.T., 1979)• In animals survived up to day 2, mild 
swelling of the ipsilateral hemisphere was observed. 
Softening and necrosis of tissue was also evident. 
In Fig. 3.9, the mid-brain slice obtained from 
sham-operated gerbil (Fig. 3.9a) is compared with 
gerbils which developed stroke symptoms (criteria as 
stated in Section 2.6) and were sacrificed at 3 hours 
(Fig. 3.9b), 12 hours (Fig. 3.9c) and 24 hours (Fig. 
.3.9d) after CCA ligation. From the picture it is 
evident that the border between normal and infarcted 
tissues is well-defined and can be identified easily. 
Infarcts were especially prominent in the cortical 
《region and basal ganglia of the brain slices. The 
size of the inf arcted area was shown to increase with 
time indicating the progression of cellular damage. 
The area of tissue necrosis can be normalized 
from on the total area of the whole-brain coronal 
section to obtain the percentage of infarcted area of 
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each section. Fig. 3.10 shows a bar chart describing 
the size of the infarct area from animals who died 
with evident neurologic symptoms. Regardless of the 
time of death, the percentage of infarct size ranged 
from 78.50% to 85.84%. This indicates that death 
induced by cerebral ischemia is accompanied by 
cellular necrosis. When the stroke index (indicative 
of neurologic damage) was plotted against infarct 
size as in Fig. 3.11 it is evident that there is a 
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Fig. 3.9 Photograph showing coronal brain sections from adult 
gerbils. Brain sections were stained with 2,3,5-
triphenyltetrazolium chloride. Typical neuronal necrosis 
of various degree was shown. Brain sections obtained 
from a) sham-operated gerbils, 24 hours after operation; 
b)，c)，d), gerbils undertaken left common carotid artery 
ligation to induce ipsilateral cerebral ischemia and death 
occurred at b) 6 hours post ligation ； c) 12 hours post 
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Fig • 3 .10 Bar chart depicting post mortem analysis of percentage of 
^ infarct area of brains of gerbils dead with evident 
neurologic signs on Day 1, 2, 3，4 after cerebral ischemia 
induced by left common carotid artery ligation. Coronal 
sections were made and stained with 2,3,5-
triphenyltetrazolium chloride. Percentage of infarct area 
were results from a: 7 ； b:5 ； c:3 ； d:3 gerbils. 
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Fig. 3.11 Bar chart illustrating post mortem analysis of mean rating 
. 、 of infarct size of brains of gerbils sacrificed with various 
ranges of stroke index. Coronal sections were made and 
stained with 2,3,5-triphenyltetrazolium chloride. Results 
were mean 土 SD of four groups of gerbils (15 gerbils per 
group). Mean rating of infarct size were designated as 
follows: 1, < 25%; 2, < 50%; 3, <75%; 4, <100% of area. 
/ 
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3.7.3 Discussion 
From the present study, TTC staining is a 
reliable indicator of infarction as demonstrated by 
its ability to quantify the total size of the 
infarct. The method is quick and simple and 
detection can be made as early as 3 hours after 
ligation. 
—， ‘ In this procedure, the color developed in the 
tissue would fade visibly after 14 days after the 
slices were preserved in formalin. Thus, it is 
necessary to examine the brain as soon as possible 
after preparation in order to get an accurate 
estimation on the infarct size. 
I * 
/ 
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I d e n t i f i c a t i o n o f a l t e r e d p r o t e i n 
p a t t e r n i n t h e b r a i n s s o f s t r o k e 
g e r b i l s s b y e l e c t r o p h o r e t i c m e t h o d s 
4.1 Separation of soluble brain extracts by sodium 




Cerebral ischemia initiates a cascade of 
biochemical events that eventually will lead to 
neuronal damages and cell loss. Oxidative metabolism 
is disrupted, resulting in the reduction of the 
overall rate of protein synthesis (Ljunggren B., 
Ratcheson R*A•， Siesjo B.K. , 1974). On the other 
hand, elevated levels of certain neuro-specific 
proteins have also been documented (Section 1.6). In 
the present study, attempts were made to identify if 
stroke will bring about a change in the protein 
pattern of the damaged half of the brain. Stroke in 
one of the hemispheres of the brain was induced in 
gerbils by unilateral ligation of the left common 
carotid artery. Infarcted gerbils were carefully 
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selected as described in Section 3. Brains were 
carefully removed and the water soluble fraction 
extracted as described in Section 2.6.3. Brain 
proteins were then fractionated by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis described 
in Section 2.6. 
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4.1.2 Result 
Polyacrylamide gels of different monomer 
concentrations were prepared. Fig. 4.1, 4.2, 4.3, 
4.4, 4.5, 4,6 depict the electrophoretic patterns 
obtained from 10%, 15%, 12.5%, 10%, 7.5%, 5% gel, 
respectively. Gels in Fig. 4.1, 4.2, 4.3, , 4.4 were 
stained with Coomassie Brilliant blue staining while 
those in Fig • 4 • 5 and. 4 * 6 were stained with, a silver— 
staining kit {Bio-Rad). 
As indicated in Fig. 4.1, the electrophoret ic 
patterns of soluble brain proteins from sham-operated 
and gerbils with stroke symptoms at 3, 6, 12 hours 
were very similar. However, for tissues obtained at 
the 24 and 28 hour points, a prominent band with a 
molecular weight greater than 94 Kd can be 
distinguished. The presence of such a band was 
verified in 3 separate experiments. 
Fig. 4.2 illustrates the protein pattern of a 
24-hour stroke and sham-operated tissue sample in a 
15% polyacrylamide gel. No distinct bands could be 
detected in this set of samples. 
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However, in gels with lower concentration of 
acrylamide, such as those in Fig. 4.3 and Fig. 4.4, 
where the acrylamide concentrations were 12.5% and 
10% respectively, the discrete band associated with 
the stroke tissue could be visualized at a position 
above the 94 kD marker. 
Fig. 4.5 and 4.6 are silver-stained gels of 
stroke and unaffected tissues. Again, a unique band 
can be identified to be associated with the damaged 
tissue. Its molecular weight appears to be identical 
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Fig ^ 4 .1 Separation of soluble fraction of 乂 】 ： 
Fig. SDS-PAGE. soluble extra，s f _ gerbi^br^二^ = 
prepared as described in Section 2.6.3. The 二 cerebral hemisphere obtained from gerbils died with cereorai "二"广 hours and a sham-operated infarction at J, o, 外 么 。 n u t u j . o ^^^ 
gerbil were used. The proteins were 。二 = 
ivS^gel and stained subsequently with。。二二『二‘ 
^ Position of a protein band associated with the 
=•28 = 二 。 k e sample is indicated with 助 arrow 
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Fig. 4.2 Separation of soluble fractions of gerbil brain by SDS-
PAGE, Soluble extracts from gerbil brains were prepared 
as described in Section 2,6,3, Both cerebral hemispheres 
of gerbils died with evident infarction at 24 hours post 
ligation and of the sham-operated gerbil were used, NL， 
left hemisphere of sham - operate d animal; NR, right 
hemisphere of sham-operated animal; SL, left hemisphere 
of stroke animal; SR, right hemisphere of stroke animal. 
Stroke was induced on the left side. The proteins were 
analyzed on a 15% sodium dodecylsulphate polyacrylamide 
gel-electrophoresis and stained with Coomassie brilliant 
blue* 
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^jT J . . The proteins were analyzed on a gei 
f/d 二 卿 - b r i l l i a n t blue. Position of the 
specuTated protein is indicated with an arrow. 
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Fig： 4.4 Separation of soluble fractions of gerbil brain by SDS-
PAGE. Soluble extracts from gerbil brains was prepared 
as described in Section 2,6.3, Proteins were analyzed on 
a 10% sodium dodecylsulphate gel and stained with 
Coomassie brilliant blue. Position of the speculated protein 
was indicated by an arrow, 
1’ 3, 5, 7 : Insoluble fractions of gerbil brain extracts 
2, 4, 6, 8 : Soluble fractions of gerbil brain extracts 
2, 4 : Right and left cerebral hemisphere of fractions from 
sham-operated gerbils respectively 
6, 8 : Right and left cerebral hemisphere fractions from 
stroke gerbils respectively 
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Fig. 4.5 Separation of soluble fractions of gerbil brain by SDS-
PAGE, Soluble extracts from gerbil brains were prepared 
as described in Section 2,6,3, NL, left hemisphere of 
sham-operated animal; SL, left hemisphere of stroke 
animal; SR, right hemisphere of stroke animal. Stroke was 
induced at the left side. The proteins were analyzed on 
a 7,5% sodium dodecylsulphate polyacrylamid e gel -
electrophoresis and proceeded on by silver staining. 
Position of the speculated protein is indicated with arrow. 
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. . fi Sevaration of soluble fractions of gerbil brain by sodium 
Fig* 4、6 amide electrophoresis. Soluble extracts from 
gerluhraL 麵 prepared as described - 广 / / � 二 
肌 ， l e f t hemisphere of sham^operated annna, JL: left 
hemisphere of stroke animal Stroke was i. .duced at the 
Yeft side. The proteins were analyzed on a 5% sodium 
PpolyacrylamMe ge丨了electr=o:s = 
visualized by silver staining. Position of the speculated 
protein is indicated with an arrow. 
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4.1.3 Discussion 
In all the gels examined, the intensity of 
protein bands from stroke 七issues reduces 
progressively with increased duration from the onset 
of infarction. This is probably due to the decreased 
rate in protein synthesis together with edema which 
may have diluted the concentrations of proteins in 
the brain. Loss of proteins is expected as an 
aftermath of stroke due to necrosis and protein 
degradation. Moreover, inhibition of brain protein 
synthesis brought about by the breakdown of energy 
metabolism during ischemia has been demonstrated by 
Yanagihara (Yanagihara T., 1976) . The cessation of 
protein synthesis was thought to be attributed to 
disaggregation of polyribosomes and a concomitant 
increase in ribosomal subunits, leading to a block in 
peptide chain initiation (Cooper H.K. , Zalewska T., 
‘Kawakami S., et al. , 1977 ). It has also been 
observed that after prolonged arterial occlusion, 
inhibition of protein synthesis occur in the cerebral 
cortex, caudate-putamen and hippocampus (Dienel G.A.� 
Pulsinelli W.A., Duffy T.E., 1980). 
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In samples of stroke brains, protein bands were 
in general fewer and fainter. Bands stained with 
Coomassie Brilliant Blue were broad and indistinct. 
Since the concentration of the speculated stroke 
protein is present only in trace quantity {the total 
protein concentration is about 2.1 mg per gram brain 
tissue as determined by the Lowry method (Lowry O.H. 
et al. , 1951)), detection was made only in 7.5% and 
5% acrylamide gels. To overcome this sensitivity 
'problem, a silver staining techniques was used, whose 
detection limit had been found in the nanogram level, 
versus the microgram level of the Coomassie Blue 
staining method (Switzer R.C., Merril C.R., Shifrin 
S., 1979). This gave better results as indicated in 
Fig. 4.5 and 4.6.. The speculated stroke associated 
protein showed up as a consistent position: a 
molecular weight between 94kD and 200kD. Hence the 
possibility of it being identical to the 70kD heat-
‘shock protein observed by Vass K. et al. (Vass K•， 
Welch W.J. , Nowak T.S.Jr., 1988) could be eliminated. 
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4.2 Two-dimensional electrophoretic analysis of soluble 
brain extracts from stroke gerbils 
4.2.1 Introduction 
The use of gel electrophoresis for separating 
complex mixtures of proteins has been greatly 
enhanced by the development of two-dimensional 
electrophoresis (O'Farrell P.H., 1975). Proteins are 
fi-rst separated according to isoelectric point by 
isoelectric focusing in the first dimension, and then 
by molecular weight in sodium dodecyl sulfate 
electrophoresis in the second dimension. Since these 
two parameters are unrelated, it is possible to 
obtain an almost uniform distribution of protein 
spots across a two-dimensional gel. 
Presence of a stroke protein has been verified 
^ from gerbil brain as discussed in Section 4.1.3. In 
order to further demonstrate its presence, two 
dimensional electrophoresis was carried out. 
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4.2.2 Result 
The protein constituents from the stroke and 
normal side of the brain were separated as dark 
，spots， on a t w o - d i m e n s i o n a l gel (Fig. 4.7 a，b and 
4.8 a,b). Although the focusing and electrophoretic 
conditions were essentially identical from run to 
run, slight variations were inevitable. In both Fig. 
4.7b and 4 . 8b a streak of protein can be found at the 
— p o s i t i o n corresponding to the molecular weight of the 
speculated stroke protein. This group of bands was 
found to be absent in Fig. 4.7a and Fig. 4.8a which 
were tissues extracted from the unaffected side of 
the brain, 
t? 、 
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F i g 4 . 7 a ) Two-dimensional electrophoresis of proteins. 
Proteins were separated by isoelectric focusing in 
the horizontal dimension and by sodium 
dodecylsulphate polyacrylamide gel-electrophoresis 
(7,5% gel) in the vertical dimension, followed by-
silver staining. Acidic pH is on the left. Positions 
of low weight molecular markers are as indicated. 
This photograph shows separation of soluble brain 
extract from the normal side of the brain. 
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Fig . 4.7b) Separation of soluble brain extract from stroke side 
of brain. The animal used in this study was 
confirmed to have symptoms of stroke before 
sacrifice at the 24 hour time point. Concentration 
of sample protein applied per gel is 2 pg/20j2l • 
Position of stroke proteins is indicated by arrow. 
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Fig. 4.8a) Two-dimensional electrophoresis of proteins. 
Proteins were separated by isoelectric focusing in 
the horizontal dimemsion and by sodium 
dodecylsulphate polyacrylamide gel-electrophoresis 
(7,5% gel) in the vertical dimension, followed by-
subsequent silver staining. Acidic pH is on the left 
Positions of low weight molecular markers are 
indicated* 
This photograph shows the separation of soluble 
brain extract from contralateral hemisphere of 
gerbil dead at 28 hours post ligation with evident 
infarction. 
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4.8b) Separation of soluble brain extract from ipsilateral 
• • hemisphere of gerbils dead at 28 hours post ligation 
with evident infarction (same gerbil as in Fig. 4.8a). 
Concentration of sample protein applied per gel is 
1.5 }2g/20i2L Speculated proteins is indicated by 
arrow. 
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4•2.3 Discussion 
From the results described, a darker and more 
intense spot could be observed in the 28-hour sample. 
(Fig. 4.8b). This may indicate that increased level 
of the speculated protein may be synthesized at 
longer ischemic period. The synthesis of this 
protein is, nevertheless, accompanied by a decrease 
in other proteins as aforementioned. 
~ … … O c c a s i o n a l surface artifacts may be caused by 
silver carbonate present in the staining solution. 
Such surface artifacts may also be caused by 
pressure, fingerprints and surface drying (Merril 
C.R•，Goldman D. , Van Keuren M.L., 1984 ) . However, 
the presence of the unique spot associated with the 
stroke-induced protein did not appear to be an 
artifact as both the 24-hour and 28-hour samples 
showed similar results. 
/ 
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5.1 Introduction 
In order to qualify and characterize the 
speculated stroke protein, it is necessary to isolate 
—， it. Because the speculated protein is only present in 
trace amount among the entire brain protein pool, 
isolation and purification by means of chromatography 
is impossible to perform. Hence in the present 
study, we attempt to raise an antibody against the 
stroke protein so that immunoaffinity techniques can 
be employed in the future. 
The stroke protein band was first removed by 
‘ cutting from an SDS gel. The speculated protein 
together with other contaminating bands were 
dissolved in buffer as described in Section 2.9.1. 
After extraction and removal of SDS, the resulting 
solution was mixed with Freud's adjuvant and injected 
subcutaneously into rabbits for raising antiserum. 
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Rabbit serum was obtained from veins of. ears 
after boostering for 3 consecutive fortnights. The 
presence of antibodies against the speculated protein 
was tested by Western blotting. 
1 
-一' 5 - a-
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5•2 Result 
Fig. 5.1 shows the results of a Western blot 
using the rabbit antiserum raised against the 
speculated proteins. In Fig. 5.1a, apart from non-
t 
specific binding, no trace of binding could be 
detected with the normal rabbit serum. However, with 
the anti-stroke protein serum, prominent bands can be 
observed which corresponded to the proteins isolated 
originally from the polyacrylamide gel (i.e. those 
bands that were eluted to raise antibody). 
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Fi1g« 5.1 Western blots of soluble brain extracts of sham-operated 
and stroke gerbil were confirmed to have stroke symptoms 
at the 24 hr point before sacrifice. Stroke was induced 
on the left hemisphere, 
a) h^estern blot against normal rabbit antiserum. 
b) Western blot against rabbit antiserum raised 
against the protein, 
^fB: Right and left (ipsilateral) cerebral hemisphere 
fractions from stroke gerbils. 
C，D: Right and left cerebral hemisphere fractions from 
sham-operated gerbils. 
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5.3 Discussion 
The avidity of antibodies of the primary 
response was low, but increased during the succeeding 
weeks of immunization (Clausen J. , 1969)• Maximal 
concentration of antibody is obtainable about 3 days ' 
after the third or later injection. Although a 
relatively pure preparation of protein is required to 
prepare for a specific antiserum, this was not 
— p o s s i b l e in the present case. The exact position of 
the stroke protein was difficult to access without 
staining. Even though we use prestained molecular 
weight markers, it was not possible to locate the 
band of interest exactly. Therefore, neighboring 
proteins were extracted together with the speculated 
protein. Because of this, the broad reactivity of 
our antiserum against a number of proteins is to be 
expected. It is hoped that by further adsorption of 
^ our antiserum against proteins isolated from non-
stroke tissues, the specificity of our antiserum can 
be increased. 
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6,1 Introduction 
6.1.1 Extraction of stroke gerbil brain messenger 
ribonucleic acid (mRNA) 
In order to investigate the role of newly 
synthesized proteins in stroke brain tissue, we 
examined the translated products of mRNA isolated 
from damaged tissues collected at different time 
points. By comparison with the corresponding normal 
tissue 5 it was hoped that some unique mRNA can be 
identified. 
6.1.2 Translation of messenger ribonucleic acid (mRNA) 
Many in vitro translation and cell free 
translation systems had been developed. Such systems 
include rabbit reticulocyte lysate (Jackson R.J. and 
Hunt T. , 1983 )， mouse and rat liver cell lysate 
(Sampson J.，Mathews M.B. , Osborn M. , Borghetti A.F., 
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1972)，rye embryo (Carlier A.R. , Peumans W, J. , 1976)， 
bacterial cell lysate (Green P. and 工nouye M., 1983)， 
yeast cell lysate (Gasior E., Herrera F., Sadnik I., 
Mclaughlin C. S. and Moldave K. , 1979), wheat germ 
(Roberts B.E., Paterson B.M., 1973), and HeLa cell, 
1 
Chinese hamster ovary or L-cell lysate (McDowell 
M.J., Joklik W.K. , Villa-Komaroff L. , Lodish H.F., 
1975). All of these systems shares a common property 
——they are derived from cells engaged in a high rate 
'"of protein synthesis. 
In this part of the study, rabbit reticulocyte 
lysate was chosen for the in vitro translation of the 
mRNA extracted from gerbil brains. The system is 
mainly a cell-free extract which contains the 
essential components and supplements necessary for 
protein synthesis. These include ribosomes, tRNA, 
amino acids, initiation, elongation and termination 
“factors as well as the energy generating system such 
as ATP, GTP, spermidine and glucose-6-phosphate• 
i Oi 
Other mineral factors such as K , and Mg are also 
added in the preparation to optimize the ionic 
strength of the system (Lodish H.F., 1976). 
The ability to induce mRNA translation is 
、 
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detected by their incorporation of radioactively 
labelled amino acids. In this study, ^^S-methionine 
was used. Subsequent analysis of translation products 
was attained by polyacrylamide gel electrophoresis 
using the Laemmli system (Laemmli U.K. , 1970), 
followed by autoradiography. From the electrophoretic 
patterns of the newly translated proteins on the 
autoradiograph, more information can be gained about 
the nature of mRNA and the protein. In addition, the 
translational efficiency and the activity of the mRNA 
can be estimated. 
I 
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6.2 RESULTS 
6.2.1 Yield of total cellular RNA 
The average yield of total RNA using the method 
described in Section 2.12.1 was found to be less than 
200 iig per gram gerbil brain tissue. Using the same 
technique, the yield for total RNA in gerbil liver 
was about 400 to 500 jig per gram liver tissue. The 
low yield in the brain may be due to a lower density 
of cell bodies in this tissue. The purity index of 
the RNA obtained was usually above 1.7; where the 
optimal index is 2, The RNA product was considered to 
be satisfactory and it was taken for mRNA 
purification using an oligo dT column. 
6.2.2 Verification of Purity of mRNA 
When the mRNA preparations were subjected to 
formaldehyde-agarose electrophoresis yielded a 
pattern consisting of two prominent bands. (Fig. 
6.1). These bands signify the presence of 18S and 28S 
RNA and confirmed the intactness of the isolated 
mRNA. 
I 
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Fig^. 6 • 1 Verification of intact RNA bands in formamide denaturing 
gel visualized under ultraviolet light illumination, RNA 
bands were obtained from stroke gerbil brain as 
described in Section 2,11, Track 1 : 6-hour stroke gerbil 
brain mRNA. Track 2 : 24-hour stroke gerbil brain mRNA. 
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6,2.3 Autoradiographic Patterns of Translated Proteins 
In order to test the reliability of the 
translation system, the translation process was 
carried out using tobacco mosaic virus mRNA as a 
I 
positive control and double distilled water as a zero 
message control. The incorporation ratio of the two 
in terms of radioactivity was about eleven, which was 
satisfactory. The two samples were then subjected to 
polyacrylamide gel electrophoresis as described in 
Section 2.13. 
As revealed in the autoradiograph in Fig. 6.2., 
the pattern of the newly synthesized proteins from 
、 the positive control (tobacco mosaic virus) consisted 
of dense and slightly indistinguishable bands 
traversing the entire length of the autoradiograph. 
On the other hand, two distinct bands, one near the 
43 Kd molecular weight marker and the other, a 
fainter one near the bottom of the gel were observed 
for the negative control. These bands can be 
interpreted as background incorporation of the 
residual mRNA present in the nuclease-treated lysate. 
One of the bands corresponds to a molecular weight of 
42 Kd. This band has also been identified in other 
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lysates and its presence was not eliminated by 
inhibitors of protein synthesis (Jackson R.J•， Hunt 
T .， 1 9 8 3 ) . The other band corresponds to a molecular 
weight of about 25 Kd to 30 Kd and represents the 
labelled peptidyl-tRNA resulting from translation of 
fragments of globin mRNA. In other cases, a heavy 
thick band can be observed at the bottom of the 
autoradiograph (Fig. 6.3) which is the residual 
globin fraction of the lysate. 
... 5 - i-
Fig. 6.3 is a autoradiogram showing the 
translation patterns of mRNA isolated from the sham-
operated gerbil brain (non-stroke)� and the stroke 
gerbil brains collected at 6 and 24 hours post 
ligation. Three bands were observed on track C 
(double distilled water) which accounted for the 
background incorporation of the nuclease-treated 
lysate. The other three tracks (track N, 6, 24) did 
^ not show any significant difference in their 
patterns. The resolution at the area corresponding 
to the molecular weight of lOOK (when the speculated 
protein was discovered) was especially poor and made 
visual comparison difficult. 
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Fig. 6.2 Detection of radioactive RNA in polyacrylamide slab gel 
(12,5%) by autoradiography. RNA samples were labelled 
oc 
with S-methionine as described in Section 2,13,2 and 
applied to sample wells and run at 55 V for about 14 
hours at room temperature. Exposure to X-ray film was 
carried out -7(f C for 2 days. Track A :tobacco mosaic 
virus mRNA, Track B : zero message control using double 
distilled water. 
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Fig. 6.3 Detection of translated products in SDS-PAGE (7,5%) by 
. 35 
^ autoradiography. In vitro translated products with S-
methionine as described in Section 2.13,2 and applied to 
sample wells and run at 60 V for about 11 hours at room 
temperature. Exposure to X-ray film was carried out at 一 
7(fC overnight. From the right : Track C: Zero message 
control using double distilled water. Track 24 : 24-hour 
sample of stroke gerbil brain mRNA, Track 6 : 6-hour 
sample of stroke gerbil brain mRNA, Track N : sham-
operated gerbil brain mRNA, Track MWM : corresponding 
positions of ，rain bow, molecular weight markers 
(Amersham), 
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6. 3 Discussion 
In vitro translation systems have played 
important roles in the identification of mRNA species 
\ and the characterization of their products.(Lodish 
H.F. , 1976) . In the present study, mRNA is first 
isolated from stroke gerbil brain using the lithium 
chloride method and oligo - d T - c h r o m a t o g r a p h y • 
(Feramisco J.R., Helfman D.M., Smart Burridge K., et 
� � a l • , 1982 ) . These mRNA were then used as templates to 
synthesize protein. Since post ischemic proteins are 
speculated to be newly synthesized within hours after 
the onset of stroke, the mRNA from stroke brain 
tissue collected at the 6 and 24 hour time points 
were examined. The RNA obtained from Section 2.11 
was total cellular RNA. To prepare mRNA, the RNA was 
passed through an oligo-dT column. Verification of 
the purity of gerbil protein mRNA revealed a 
-characteristic 18 S and 28 S band. 
As indicated in Fig. 6.3, no visible difference 
was observed on the translation patterns of stroke 
versus normal tissues. Thus under the present 
detection system there appears to be not enough 
evidence to support the presence of a stroke 
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associated mRNA. However, as rare messengers may not 
be clearly visible in our detection system, we cannot 
rule out at this point if they do not exist. 
Compared with our results on protein pattern, no 
unique band of translated product was detected at the 
» 
100 Kd molecular weight range. As the resolution of 
the autoradiogram at this region is very low, it is 
difficult to assess whether such a band was present 
or not. Perhaps, separation of translated products 
… on a two—dimensional gel will yield a clearer 
picture. 
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G e r x e r a l D i s c u s s i o n 
The establishment of a stroke model using the 
Mongolian gerbils {Meriones unigulatus) in. the 
present study was based on three criteria: First, by 
the selection of sensitive gerbils by means of ocular 
fundus examination. Second, by observing neurologic 
signs scored with a stroke index. Third, by 
observing the maximum inclination of inclined plane 
withstandable for the gerbils. 
Close correlations have been found associated 
with stroke index, ocular fundus examinations as well 
as maximum inclination withstandable. With reference 
to the ease of observation and accuracy, behavior 
analysis and ocular fundus examinations are more 
reliable as a presage for stroke. 
-ff 
Differential susceptibility of the gerbils to 
experimentally induced stroke which resulted in only 
30% of gerbils success rate. This is probably due to 
the variability in the local circulatory conditions 
arising from variable types of collateral connections 
that may exist in individual animals because of their 
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differences in genetic traits. On the other hand, the 
confirmation of sensitive gerbils to develop cerebral 
infarction was satisfactory. 
It has also been investigated that such 
t 
induction methods produce physiological and 
biochemical changes which replicate the pathogenesis 
of ischemia in humans (Frankhauser R. , Luginbiih L. H.， 
McGrath J . T . , 1965 ) . It is hoped that models ( animal 
… a n d experimental) could be established such that they 
can be representative to the pathological states 
which might occur in nature, in other words, to have 
anatomical and physiological resemblance to man. 
Identification and isolation of the stroke-
associated protein in the brains of gerbils with 
induced cerebral ischemia also produces promising 
results, whereby the presence of a protein of 100 Kd 
^ was observed only in the brain extracts of the stroke 
gerbils at 24 hours or a longer period of time after 
ligation. On the other hand, no conclusive evidence 
can be given as to whether the protein is a newly 
translated product synthesized after the onset of 
stroke or simply a protein undergoing conformational 
changes. Hence, the nature of the protein remains elusive. 
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Nonetheless, in the present study, antiserum 
against the stroke-associated protein has been raised 
in this study and awaits further purification and 
characterization process. 
( 
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